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The Collecting Instinct 
GerorcE W. Hunter, Educational Director, Y. M. C. A. War Work 
Council, Washington District. 

The data for this paper was obtained from a questionnaire 
sent to some 5,000 pupils, 4,000 of whom were boys. The average 
age of this group was a little over 14 years while the age variation 
ranged from 11 to 19 years. By far the greatest number answering, 
however, were between 14 and 15 years of age. 

The question on the collecting instinct had two specific func- 
tions. The old time pedagogy of botanical and zoological teaching 
was based (among other ideals) on the belief that the collecting 
instinct, as such, gave a basis of attack in science work, in that 
much of the formal side of herbarium making, collecting and classi- 
fication of specimens, and the like, depended upon the functioning 
of this interest. I wished to learn if this instinct existed largely as 
such an instinct, or if, as was my belief, it was in reality a complex 
of instincts; and secondly, I wished to know if the form taken 
by the collections differed with the sex, as had been previously 
demonstrated with younger children. A number of writers, work- 
ing under the influence of that greatest of all exponents of the 
questionnaire method, G. Stanley Hall,’ have shown that rather 
definite reactions toward animate and inanimate objects are shown 
on the part of children. 

Burk,’ C. I., shows 32% of boys and 20% of girls studied col- 
lect natural objects. Interest in natural objects came first, fol- 
lowed by stamps, cigar bands, etc., in the order given. 

Acher® more recently showed that of 1,200 children examined, 
18% boys and 10% girls, collected stones for color, shape, charms, 
luck, ete. 

Mayer,‘ in a study based largely on country children, studies 
children’s interests in flowers and thus touches the collecting 
instinct. 





1 Hall, G. Stanley. ‘“‘Content of Children’s Minds on Entering School.” Ped. 
Sem. Vol. I. 91, pp. 139-173. 

2 Burk, C. T.. “‘The Collecting Instinct,’’ Ped. Sem. 7, 1900, pp. 170-207. 

2Acher, R. A. “Primitive Activities of Children,”” American Journal of 
Psychology, 21-1910, pp. 179-207, 

4 Mayer, A., “A Study of Children’s Interest in Flowers,” Ped. Sem. XII, 
1995, pp. 107-140. 
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Trafton,® with young children, investigates the child’s interest 
in natural objects, plant and animal, while Guillet® shows that 
children’s interests in plants and animals head the list of interests 
in which the preadolescent gives in answer to his questionnaire. 
The pedagogic relation of interest in living things is evidently 
connected with the collecting instinct. It should be investigated 
with reference to making use of this instinct if it exists in rela- 
tion to teaching biological science. 

Of a grand total of 3,449 papers used for this tabulation 216 
pupils disregarded this answer, 703 do not or did not collect, and 
2,530 do or did collect, or of available answers a little over 77% 
collected at the time of answering or previous to this time. 

A careful analysis of the answers give the following totals, 
according to articles collected by New York boys in the DeWitt 
Clinton High School: Stamps, 735 (43%); photographs or pic- 
tures, 387 (22%); leaves or flowers, 182 (10%); minerals or 
stones, 148 (8%); coins, 61 (3%); cigar bands, 41 (2%); in- 
sects, 26 (1.5%); postcards, 24 (1.4%); shells, 11 (6%); un- 
classified, 86 (5%) ; a total of 1,701. 

Of the schools outside of New York, where the student body 
was both male and female, a different proportion of articles col- 
lected was found. Here, out of 812 collecting, minerals or stones 
headed the list with 189 (23%); stamps, 173 (21%); leaves or 
flowers, 157 (19%); photographs or pictures, 154 (18+%); 
postcards, 42 (5%) ; insects, 18 (2%); coins, 14 (1.7%); cigar 
bands, 12 (1.4%) ; shells, 9 (1.1%) ; unclassified, 44 (5%). 

These figures show at once a difference in the items collected 
which might be due to one of two factors, either that of sex or 
environment. 

A more careful analysis of the figures from country schools shows 
the following for girls: stones 115, leaves or flowers 100, pictures 
77, stamps 60, postcards 37, cigar bands 7, insects 6, shells 4, 
coins 1, unclassified 28. For boys: stamps 76, stones 42, pictures 
37, leaves or flowers 26, coins 12, postcards 10, insects 8, cigar 
bands 4, shells 3, unclassified 15. 

These figures seem to indicate that environmental conditions 
as well as the sex determine what the child will collect. This is in 
part what we would expect, although the differentation with refer- 
ence to environment has not been plainly pointed out before this, 





5 Trafton, Gilbert, “Children Interests in Nature Materials,’ Nature Study 
Review, IX, 1913, pp. 150-160. 
® Guillet, Ceplias, ‘““A Study of Interests,” Ped. Sem. XIV., 1907, pp. 322-328. 
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Fig. 2. PERCENTAGD OF VARIOUS ARTICLES COLLECTED 
COUNTRY SCHOOLS, COMPARISON OF GIRLS AND BOYS. 
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to my knowledge. The overwhelming predominance of stamp col- 
lecting in the boys’ city school is explained from a comparison of 
their figures both on environmental and sex conditions. 

The most interesting returns from this question on the “collect- 
ing” instinct came, however, when a careful comparison was made 
of the self-analysis and introspection showed by the child in giving 
his reasons for collecting. While very many collect, not all do so. 
Of the total papers it has already been noted that 77% have col- 
lected. This seems to be a higher percentage than estimated by 
Burk or other previous writers on the “collecting” instinct. In 
making the analysis which follows, 1,858 papers were used, and 
of these 1,298 pupils gave introspective reasons why they did or 
do now collect. 

As a result of study of the answers given we are forced to the 
conclusion that the “collecting” instinct as such does not exist to 
as great an extent as has been supposed, and that much of what 
appears to be the collecting instinct is in reality a complex of 
several instincts, prominent of which are curiosity, imitation, emu- 
lation, acquisitiveness, competitiveness, and play. Aesthetic appeal, 


TABLE I. WHY BOYS AND GIRLS COLLECT 
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educational and material values also play a part. Reading on the 
part of the child, suggestion or some other directive influence, such 
as opportunity to collect offered by parent, teacher or playmate, 
may start off the complex and play a primary part in the making 
of a collection.’ 
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Fig. 3. REASONS FOR COLLECTING (PROPORTIONALLY CON- 
STRUCTED ON BASIS OF 1,298 ANSWERS). 





A. Imitation G. Interest in things collected 

B. Instinct (collecting per se) H. Aesthetic appeal 

C. Interested or started by friendsI. Collected because of opportunity 
or teachers J. Utilitarian value 

D. Educational value K. Started through competitive 

E. Started through books, reading, reasons 
or studies L. Novelty, diversion, or hobby 

F. Saw, found, or given the begin-M. Souvenirs; association of persons 
ning of the collection and places 


Pure INSTINCT. 

Under the heading “Pure Instinct,” the following answers might 
be given as examples: “By himself; of his own accord; a fancy of 
his; just for fun; a pleasure; sport to collect ; as a pastime ; fascin- 
ating; just by playing; started and liked it; nice and interesting 
to do; started when a boy; interested in it; interested in pressing 
and labeling; interested to have them ‘ked to have a collection; 
wanted something to call his own, io have in his possession; 
wanted the views; to get the rare unes for his cabinet.” I have 
included the last five type answers under this heading, which 
might well be classed under a separate instinct, that of acquisitive- 
ness. For the sake of possible misinterpretation, I decided, how- 
ever, to allow this to stand as one instinct rather than two. 





™Compare with Burk. 
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INTEREST IN THE THING COLLECTED. 

Under the heading “Interest in the Thing Collected or Curios- 
ity,” appear the following answers: “Was curious to see all the 
different kinds; to see the oddity and variety of them; different 
kinds interested me; for variety to be obtained; to see the number 
to be obtained ; to get as many as possible; to compare them; just 
wanted to know them; tried to make full sets.” 


AESTHETIC, EDUCATIONAL OR MATERIAL APPEAL. 

The following answers are selected as typical of this group: 
“Interested in minerals (wanted to become a mining engineer) ; 
flowers (wished to study agriculture); pictures (interested in 
travel) ; loves to draw (pictures) ; natural liking for pressed flow- 
ers; likes to have around (lucky stones, colored glass); studied 
biology; wants to know wild flowers; tried to copy (pictures) ; 
substitutes for travel (postals) ; teaches money standards and his- 
tory (stamps, coins) ; study imbeddings (stones) ; see how friends 
live in foreign lands (pictures, stamps) ; natural resources (min- 
erals) ; associate events with dates (coins) ; learn names of coun- 
tries (stamps) ; knowledge gained; because of value; use to man 
(economic use of insects) ; got a set to play with for children of 
the faculty; for gain.” 


OPPORTUNITY FOR COLLECTING. 

Among the answers in this group are the following: “Receives 
so many; father studies them; people traveled, sent him a lot; 
went camping with a kodak (photos) ; collected stones (while in 
country, at shore, on scout hikes, while swimming); collected 
leaves and flowers while camping; received stamp albums; aunt 
collects with her.” 

CoMPETITION. 

These answers were among the most interesting, as they showed 
the real boy in the answer: “Could discuss with the collectors; did 
not like to be out of the game; competition of friends; wanted to 
compete with others; rivalry with brother; wanted to get ahead 
of other boys; tried to outdo a friend; see if he could get the most; 
tried to get the largest collection; wanted to gamble with friends; 
did not want to seem ignorant when others talked about it.” 

IMITATION. 

Here the interest was aroused by friends. Answers were as 

follows: “Was interested through friends collecting; lived where 
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others were collecting ; father had a large collection ; father started 
it; lived in town where they did; where it was the rage; when in 
Rome.” 

It seemed to the writer that, as a result of the study of these 
answers, all of which were bona fide expressions of the real self 
of the child, that one had to consider the collecting instinct per se 
as only one of a complex of instincts which act more or less in 
concert at this time. The more mature self-analysis of the child 
at the age when the “collecting fever” is past, will probably give 
us a true picture of what takes place, than if the younger child 
were asked the question. One views what is past with more fair- 
ness of judgment than what is taking place at the time. It is 
undoubtedly true that children imitate others who are older than 
they are, that frequently opportunity for collecting is not only 
made but forced on children. A personal episode would suffice 
to make clear my point. My boy, a child of ten years, was given 
a stamp collection by one of my students whom I had befriended. 
At first the boy exhibited little interest, while I, because of my 
previous interest in stamp collecting, at once became interested in 
the collection. As a result of my collecting and giving stamps to 
my boy, he in turn began to collect, although he showed little real 
interest in the collection except when I worked with him. He is 
a perfectly normal boy, and no doubt many others react in a simi- 
lar manner under stimulation, but would not naturally collect if 
left to themselves. With city boys, especially among those of 
foreign parentage, the material value of the thing collected is of 
importance. I believe that the figures which show a much higher 
percentage of stamp collecting among city boys than among coun- 
try boys, bears out this conclusion, especially as the figures given for 
the city boys are roughly 65% to 70% of foreign-born parents. 


CORRELATION OF THE COLLECTING INSTINCT AND LOVE OF 
NATURE. 


A rather interesting correlation was noted between love of nature 
and collecting. This was especially marked in children in country 
schools. Again the environment as a factor in the bringing into play 
the instincts of the child is evident, 
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TABLE II. CORRELATION OF COLLECTING INSTINCT AND 
LOVE OF NATURE. 





; Do Not Collect} Like Living Collect ; 
mike Living |" or Like Liv- | Things; Do | Do Not Like 
gs; ing Things | NotCollect | Liv’gThings 





Country Schools 





EE ceca anaasuacens 261 17 83 4 
save ake chesesuivas 162 8 26 12 
Pie cen susniaxaes 423 25 109 16 








City Schools 
Boys, DeWitt Clinton 
cf ee 1086 124 577 126 


Grand Total....... 1509 149 686 142 




















The writer has failed to find evidence of any direct 
connection between the “collecting” instinct and _ interest 
in a given method of doing or in a definite kind of 
subject matter among city boys. In a type or classifica- 
tion course, such as was given two or three decades ago, such an 
instinct might play a part, although a very slight one. The old 
belief that systematic botany or zoology were fitted for the youthful 
mind because of importance of the “collecting” instinct at that 
stage, is, it seems to me, untenable; over 23% never collect, and 
a very small proportion of the remainder collect natural objects 
(12.1% of boys in a city school and 22.1% of mixed classes in 
out-of-town schools—Burk shows 32% of boys and 23% of girls). 

In city boys no correlation could be found between the kind of 
interest in biological subject matter and the native interest in 
living things. In the case of country children very slight correla- 
tion could be found in some cases, but not enough to warrant 
belief that it really exists. 














Studies of the Masters 
I.—LYELL. 
By Joun F, WoopHvtt. 


In the dawn of the last century a certain lad of twelve years 
wandered in the New Forest near the south coast of England. His 
pastime, as also his chief occupation, was the collection of butter- 
flies and the comparing of them with pictures to be found in books 
on insects in his father’s library. He was not a poor boy, nor 
was he shiftless. He simply preferred the outdoor school with all 
creation for his study. This course he continued diligently until 
he was seventy-eight years of age, and when at last he laid down 
and died his fellow countrymen put him to rest in Westminster 
Abbey, which is the Englishman’s way of saying he was one of 
the few greatest men of his country. They called him Charles 
Lyell in the first part of his life, and Sir Charles in the latter 
part, but now his greatness is indicated by the fact that all the 
world calls him simply “Lyell.” 

Lyell was a Scotchman, born at Kinnordy, November 14, 1797, 
of a family well-to-do and well educated. Of course, as a side 
issue, he went to the conventional school and without harm to him- 
self secured a degree from Oxford at the usual age—twenty-two. 
In riper years he expressed his views on formal education in these 
words: “Whatever some may say or sing of the happy recollections 
of their school days, I believe, if they would tell the truth, they 
would not like to have them over again.” His chief recollection 
of school was in the “sorrows of Latin and the joys of pillow-fight- 
ing.” He was an advocate of the project method, as appears from 
the following: “Attention was only sustained when I had an object 
in view.” 

It does not appear that he could have received from Oxford 
much encouragement or enlightenment for his life work. Oxford 
gave no systematic training in science in those days. He did, 
however, attend one course of lectures on geology, given by Rev. 
D. William Buckland, canon of Christ Church, and did acquire a 
taste for literature which was of inestimable value to him. 

Lyell, from the age of twelve, had been too good a student of 
nature to accept the views which prevailed at that time regarding 
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“sports of nature” (which phrase was thought to carry more dig- 
nity and mcre authority in its Latin form lusus naturae). He had 
always found nature proceeding in a most orderly fashion, and did 
not like the idea that she was freaky. His motto was, “Go and 
see.” In pursuance of that method he traveled over all of Europe, 
much of it very many times, and took four trips to the United 
States. For half a century he spent about one-third of his working 
time in the fields. The strata of the earth gradually became for 
him the leaves of a great book of revelation, in which he plainly 
read that the earth was many million years old; that events pro- 
ceed from natural causes; that mountains had been forced up by 
the cooling and contraction of the earth and torn down again by 
running water, moving ice, winds, heat, frost, etc.; that the sea 
is the great place for rock making; that the remains of animals 
and plants are embedded between the layers of earth laid down 
in water, and that these plants and animals had a gradual evolu- 
tion from primitive forms to those more complex of today; that 
when by the contraction of the earth the land rose out of the water 
and heat changed these layers of earth into rock, the fossil remains 
of plants and animals told the relative age of the strata; that all 
of this had been going on for countless ages, and is going on today 
precisely as it always had done before; that Nature works not by 
catastrophies but by Natural Law. 

He set forth all this and much more in his immortal work, the 
“Principles of Geology,” which went through twelve editions dur- 
ing the forty-five years, 1830-1875. 

It is difficult for us today to appreciate why such safe and sane 
doctrines should have brought down a storm of abuse upon the 
noble head of Lyell, but abuse did come in large measure, from 
both theologians and scientists. His “Principles” are merely a 
record of facts as he had observed them, and conclusions which 
naturally flow from these observations. No conscientious mind 
can read the record carefully and not accept the conclusions. The 
“Principles” “explains the former changes of the earth’s sur- 
face by reference to causes now in operation.” The idea of 
the “constancy of Nature’s operations was rank heresy to the older 
school, who sought to solve every difficulty by a convulsion, and 
were fettered in their interpretation of the records of geology by 
supposed theological necessities.” 

The new school, of which Lyell became the chief exponent, held 
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that “past and present are bound together by an unsevered cord 
of life, whose interlacing strands carry us back in orderly change 
from age to age.” “The past history of our planet is to be ex- 
plained by what we can learn of the economy of Nature at the 
present time.” Lyell is one of those whose labors made the words 
of A. D. White possible: “The world is finding that the scientific 
revelation of creation is ever more and more in accordance with 
worthy conceptions of that Great Power working in and through 
the universe. More and more it is seen that inspiration has never 
ceased, and that its prophets and priests are those above all others 
who patiently, fearlessly and reverently devote themselves to the 
search for truth as truth, in the faith that there is a Power in 
the universe wise enough to make truth-seeking safe and good 
enough to make truth-telling useful.” 

In 1863 Lyell published his book entitled the “Antiquity of 
Man,” in which he shows that man must have existed millions of 
years upon this earth, which earth he had already shown must 
have existed millions upon millions of years. It would not have 
been safe a few years earlier for him to have sought out this truth, 
and having found it, to have told it. As it was there were those 
who thought he ought to have been “burned in Smithfield,” and 
said as much. But Lyell, who believed that “controversy is inter- 
minable work,” held his peace, and nothing seemed able to pre- 
vent his continual advancement. Queen Victoria made him a knight 
and later a baronet, Oxford gave him the degree of D. C. L., and 
Cambridge the degree of L. L. D. He was made president of the 
British Association for the Advancement of Science, and many 
times president of the Geological Society. He had an intimate 
acquaintance and a firm friendship with great men everywhere, 
such as Herschel, Faraday, Hooker, Darwin, Sedgwick, Silliman, 
Hall, Rogers, Humboldt, Ramsay, Carlyle, Macaulay, Ruskin, Hux- 
ley, Lamarck, Buckland and Stanley. 

His “Antiquity of Man” went through three editions during the 
first year of its publication. He was twice invited to give a course 
of lectures at the Lowell Institute, Boston. Three thousand per- 
sons applied for admission, and it was necessary that the audience 
should be divided and that he should repeat each lecture. 

He said, “How much more difficult it is to write for general 
readers than for the scientific world; yet half our savants think 
that to write popularly would be a condescension to which they 
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might bend if they would.” He knew how to do this and felt it 
an high honor to be permitted to do it. 

“Geology was then simple in its terminology, and fairly intel- 
ligible to people of ordinary education; now these are frightened 
away by papers bristling with technical terms and Greek-born 
words.” 

Lyell was married and had a very happy home. He gave abun- 
dant proof that he loved his father, mother, nine brothers and 
sisters, his wife and all her relatives. Mrs. Lyell and he were 
inseparable. She accompanied him on nearly all his travels and 
worked with him at home. 

He was not indifferent and “cold-blooded” as some think all 
scientists are. On the contrary, he was kind, sympathetic, appre- 
ciative, refined and cultured. He was human and had, in large 
measure, all the fruits of the humanities. His knowledge was uni- 
versal and his command of language quite remarkable. 

He was a member of the church of England, “appreciated the 
charm of music and the beauty of architecture,” and was known 
to write poetry. 

He died on February 22nd, 1875. Dean Stanley said, “Science 
and religion for him not only were not divorced, but were one 
and indivisible.” 

Lyell said, “Next to the positively wicked, the class who are 
usually called ‘well-meaning persons’ are the most mischievous in 
society.” 

“Tt is necessary to cross-examine both nature and man. The 
testimony of the former is strong; of the latter, I must say, so 
weak and contradictory that I require to know the men and find 
how they got their views.” 

When he found some one hesitating to publish the truth for 
fear of incurring the displeasure of the clergy, he quoted the 
words of Carlyle: “To nothing but error can any truth be danger- 
ous; and I know not where else there is to be seen so altogether 
tragical a spectacle, as that religion should be found standing in 
the highways to say, ‘Let no man learn the simplest laws of the 
universe, lest they mislearn the highest.’ In the name of God the 
Maker, who said, and hourly yet says, “Let there be light,’ we com- 
mand that you continue in darkness.” 

The testimony of Lyell given before the English Public School 
Commission is interesting. It was in substance as follows: Phy- 
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sical science and natural history have been ignored in our educa- 
tional system. The public schools being modeled in a great meas- 
ure on the system of the universities, they have in like manner 
entirely neglected these subjects. In the progress of the nation 
while these branches have been acquiring more and more impor- 
tance, that is precisely the time when they have been more and 
more excluded from the teaching. The schools being preparatory 
to the universities, frame their system in regard to those subjects 
which are to obtain the chief rewards at the universities. Although 
a large proportion of the boys at our schools do not go to the univer- 
sities, the system is planned as if they were all going there; and 
whatever be the plan adopted at the universities, and particularly 
whatever may be the entrance examination to the university, that 
will in no small degree govern what is taught in public schools. 
The schoolmasters are brought up in the universities without a 
knowledge of the sciences and natural history ; and having no such 
knowledge, it is very natural that a great number of them should 
entertain some prejudice or think very slightingly of these sub- 
jects. The great majority of boys educated in our public schools 
do not have the education that would be best for them; and, in 
fact, they are sacrificed to the minority who are proceeding to the 
university. 

I think the reasoning powers and the judgment are more culti- 
vated by the sciences than by the exclusive study of the classics. 
I have observed that the powers of observation, and the interest 
of observing with accuracy, are very early developed,—indeed at 
nine or ten; and children learn a vast deal of other things in con- 
sequence, if they are taught any of the sciences. 

I think that purely literary pursuits, and the literature of the 
country generally, would receive benefit by a degree of scientific 
education being given in the public schools and the universities. I 
think the literary writings of Hallam, for instance, who taught 
himself. science and natural history, are of a higher stamp than 
they would have been if he had not had that knowledge. Among 
literary men in Germany there is greater knowledge of the phy- 
sical sciences than in England. They understand a great deal 
more what we are about than the literary men and classical scholars 
of this country do. 

The clergy in Germany are better acquainted with science. It 
was an observation of Baron von Buch, when he came over here, 
“In regard to church matters, or the connection of science and 
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religion, you are as much behind us in freedom as you are 
ahead of us in your political institutions,” and I attribute that, ia 
some measure, to there being a better general notion of science 
among the clergy. 

There is a greater knowledge of science at present in the middle 
classes of this country than ix the upper. It is a very remarkable 
fact, that a scientific book depends more for its sale on the middle 
classes than on the rich country gentlemen and the clergy. It is 
not only an unhealthy but a dangerous state of things, from a 
political point of view, that the material world should be very much 
better known by the middle classes of society than by the upper 
classes, and I think it is particularly so in reference to the teach- 
ing in this country by the clergy. 

I have known men, quite late in life, who have forgotten all the 
Latin and the Greek which they spent their early years in acquir- 
ing, hit upon geology or some other branch, and all at once their 
energies have been awakened and you have been astonished to see 
how they came out. They would have taken that line long before 
and done good work in it, had they been taught the elements of it 
at school. 





The Manufacture of Sugar’ 


Sugar has been used as a food for many centuries, but it is only 
within the last one hundred years or so that the pure, white, 
granulated sugar now so common has been manufactured. Before 
that time sugar was usually sold in lumps or loaves, which were 
broken up by the purchaser when needed ; and the expression “loaf 
sugar” is still used to a limited extent among old people. Some 
white sugar was made in molds for certain purposes, but it was 
extremely expensive. A number of years after the arrival of the 
Dutch on Manhattan Island a sugar refinery was built and put in 
operation on Liberty Street, and this was the beginning, in the 
United States, of an industry which now produces annually an 
output valued (in normal times) at about $300,000,000. 

Figures that we have at hand show that in the year 1816 an 
amount of sugar not exceeding nine million pounds was refined in 





1 [This article lends itself to studies of two kinds: 1. The general processes 
involved in sugar manufacture, for science and geography students. 2. A 


study of industrial hazards, for vocational students. Printed by courtesy 
The Travellers Insurance Co.—Ed.] . sin dine 
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New York City, which was then the headquarters for sugar refining 
in this country. At present, approximately that amount is pro- 
duced in forty-eight hours in a single plant of one of our large 
refining companies. Modern science has not only made possible 
an enormous increase in the production of refined sugar, but it has 
also, by improved methods, greatly enhanced the purity of the 
sugar, and lowered the cost to the consumer. 


























Fig. 1. A CUBAN SUGAR PLANTATION. 


There are now twenty or more refineries in the United States, 
and some of the largest of them are situated in New York, Phila- 
delphia, Boston, Baltimore and New Orleans. ‘These are usually 
housed in huge buildings, often eight or ten stories in height, and 
are invariably located on the water front to facilitate the receipt 
and shipment of raw stock and manufactured products. 

Sugar is derived chiefly from sugar cane and sugar beets. In 
the United States the greater amount is made from cane, but in 
European countries by far the larger quantity is prepared from the 
expressed juice of beets. The refining processes for the two kinds 
of sugar are quite similar, the principal difference being in the 


methods used for removing the impurities from the original raw 
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sugar solutions; and in the present article we shall speak only of 
the processes employed in the manufacture of cane sugar. 

Sugar cane is indigenous to the East Indies, and was intro- 
duced in Europe in the fifteenth century. It was introduced into 
the United States about 1750, and was first planted in Louisiana. 
Sugar cane belongs to the grass family, and grows in the form of 
a thick, jointed, knotty, round, pith-filled stalk, from six to twenty 
feet tall. In appearance it resembles Indian corn, and its juices 
contain approximately 81 per cent water, 18 per cent sugar, and 
1 per cent of miscellaneous organic and mineral matter. 








Fig. 2. LOADING THE CANE INTO CARS FOR TRANSPORTATION. 


When the cane is sufficiently matured the stalks are cut, and 
are crushed in mills composed of parallel, horizontal rollers, placed 
one above the other. ‘The juice is pressed out in this way and 
drawn off for further treatment. As it is impossible to remove all 
the sugar by merely crushing and compressing the fresh cane once, 
the stalks as they come from the first mill are moistened by jets 
of steam and hot water and again crushed. 


l Three or four opera- 
tions of this kind are usually performed, in succession, before the 
cane is exhausted of sugar to such an extent that further crushing 


is unprofitable—from ninety to ninety-five per cent of the sugar 
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being thus obtained. The juices produced by the respective crush- 
ings are kept separate and treated separately, as they yield varying 
grades of raw sugar, the product obtained from the first crushing 
being the best. 

The liquor or juice is next run through the “steam train,’ 
which consists of a series of pans heated by steam coils. Here the 
liquor is raised to a temperature somewhat below the boiling point, 
and treated with powdered sulphur and lime or other substances 
to clarify it. The water is then expelled, and the sugary liquor 
concentrated, by boiling,—lime-water being added for the purpose 
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Fig. 3. DUMPING THE CANE AT THE “CENTRAL,” OR FACTORY. 


of neutralizing any acid that may be present. At this stage some 
of the impurities rise to the surface of the liquor and form a scum, 
which is skimmed off. When the proper degree of concentration 
has been attained the liquor is run off into cooling apparatus, to 
crystallize. These processes (which are illustrated by the accom- 
panving photographs) are usually performed at sugar mills near 
the plantations, and the raw sugar which is produced in this way 
is packed in sacks or hogsheads and shipped to the refineries. 
When the raw sugar arrives at the refinery it is hoisted from 
the vessel and dumped into a hopper on the dock, from which it is 
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transferred by means of conveyors or elevators to the top story 
of the wash-house. In the wash-house it is washed in hydro- 
extractors, and is then melted and the resulting liquor is pumped 
to the top of the char-house, where it is passed through the char 
filters. From the char-house it is pumped into the pan-house, 
where it is boiled, and is mixed in power mixers. It then passes 
to centrifugal machines by which the molasses is extracted, and 


next goes to the driers. When dry, it is barreled or put up in bags 


or cartons. 
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Fig. 4. CRUSHING THE CANE AND EXTRACTING THE JUICE. 
(The gears on this machine are a source of danger, and should be inclosed.) 

In order io better point out the hazards, let us imagine our- 
selves making a trip of inspection through a modern sugar refinery, 
with a “Travelers” inspector. Naturally, the first stop for inspec- 
tion would be at the dock, while a vessel is being unloaded. As 
the raw sugar is taken off it is first weighed, and most of it is 
then placed in storage,—the hazards involved in these operations 
being substantially those to which longshoremen in general are 
exposed. A few special suggestions may be made, however, in 
connection with this particular work. For example, whenever 


there is an inclined runway by the side of the belt conveyor that 
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runs to the raw-sugar storage shed, it is important to provide 
substantial guard-rail for it. If there is a barrel lift, the sprocket 
and driving chain, as well as the spur gears at the top of the lift, 


should be efficiently guarded. Frequently there is a coal-hoisting 








| tower, and in such an event the gearing between the motor and the 
coal hoister should he guarded. It is also important that the stairs 
‘leading to the hoister room be fitted with a hand-rail. 
A portion of the sugar, after being unloaded and weighed, 1s 
taken direct to the wash-house, where it Is mixed with a low-grade 
- 
F’g. 5. A GROUP CF DEFECATORS 
(The inice is run into these tanks, heated by means cf steam cols or a 
double hattom, and allowed to stand until most of the solid impurities 
r separate,—either as sediment at the bottom or as a scum at the 
top.) 


syrup as it passes through the conveyor to the raw-sugar mixer. 


The remainder, as already noted, is placed or piled in the store- 


> 


houses. The bags of sugar weigh about 330 Ibs each, and are very 
bulky. It is highly important, therefore, to exercise care in stack- 
ing or piling them, to avoid any chance of accidents from the fall 
or collapse of the piles; and it is equally essential that careless 
methods be avoided when removing or pulling dewn the stored 
bags. Broken limbs often result from lack of caution in this 


respect, and ruptures, caused by over-exertion in lifting the bags, 








152 GENERAL SCIENCE QUARTERLY 


are not uncommon. The work may be greatly facilitated and made 
much safer by the use of stacking and piling machines, several of 
which are now available. 

The hooks that are used for lifting bags and barrels of sugar 


and for moving them about are also a source of accidents, and 




























care should be taken by the foreman to see that these are not left 
lving around where persons may step upon them or harm them- 
selves with them in other ways. The raw sugar is hauled in bags 
from the dock to the scales, and is weighed upon United States 
ye < Sa ‘ 
RS > : - 
oa a: . 
AO 
Fig. 6. A BATTERY OF FILTER-PRESSES. 
(These are used for filtering the mud ani scum from the defecators.) 
government scales for revenue purposes, and also upon the scales 
belonging to the refinery. Electric trucks are often used for this i 


haulage work, and only skilled and competent drivers should be 
permitted to operate them. If the trucks must turn sharp corners 


1 


where the view is obstructed, it is recommended that gongs be 


installed upon the trucks and that they be rung when approaching 
the turns. 

The sugar that is taken directly from the scales to the wash 
department is dumped there,—usually into floor openings,—and is 


then elevated by bucket conveyors to the upper floor, where it is 


mixed with a low-grade syrup. The floor openings should be effec- 
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tually guarded by substantial railings, because otherwise workmen 
may fall into them; and ample light should be provided at these 
points at all times, so that the dangers may easily be seen. 

lhe mixing machine consists of a tank containing revolving 
arms which are driven by spur gears, and these gears should be 
entirely inclosed, in order to eliminate the possibility of accidents 


to oilers or passing workmen. The driving belts and pulleys by 





Fig. 7. VACUUM BOILERS. 


(The juice is here boiled under a partial vacuum, and concentrated to a 
syrupy consistence. About 75 per cent. of the water is usually removed in 
this stage of the process. The chief advantage of using a partial vacuum is, 
that the boiling may be done at a lower temperature, which is not detrimental 
to the sugar.) 
which the motive power is transmitted should also be efficiently 
guarded by standard inclosures or railings. Moreover, covers should 
be provided to prevent the possibility of any workman falling into 
the mixers while they are in operation. 

The combination of raw sugar and low-grade syrup is called 
“magma,” and after this comes from the mixers the syrup is 
extracted or purged from the sugar by centrifugal extractors, re- 
volving at speeds varying from 1,000 to 1,500 revolutions per 
minute. The extractors are driven by large belts—frequently six 


inches in width—which usually run horizontally; and when such 
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a belt breaks very serious consequences are likely to follow, unless 
adequate protection has been provided. A guard, consisting of a 
strong steel casting in the form of a yoke, should therefore be 
installed about the front part of each machine, in such a way as 
to make it impossible for the ends of a broken belt to strike a 
workman. Accidents sometimes occur on account of the men at- 


tempting to stop the revolving baskets, after the power has been 





Mi 





Fig. 8. VACUUM PANS. 
(In these, the evaporation begun in the boilers shown in Fig. 7 is carried 
further, preparatory to crystallization. In this stage the syrup must be 
watched carefully, to see that the process is stopped when the proper 
concentration is attained.) 


shut off, by using sticks or pieces of board as brakes. This is a 
dangerous practice and should be strictly prohibited—signs to this 
effect being posted in conspicuous positions near the machines. 
Furthermore, the extractors should be equipped with covers having 
interlocking devices which will prevent the covers from being raised 


so long as the machines are in motion. All friction clutches, gears, 


belts and dead ends of shafting should be inclosed, or otherwise 
effectively and substantially guarded, 

After the preliminary washing the sugar is again dissolved in 
a evlindrical meltivg tank having revolving arms, and the solution 


is pumped into the “blow-ups,” where it is heated to a temperature 
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of about 200° Fahr. At this time it is treated with certain sub- 
stances, such as caustic lime and calcium phosphate, in order to 





precipitate the gums and other impurities that it contains. The 


lime precipitates the gums, and the albuminoids are coagulated 








f ry ‘ ° ° . 

. by the heat. These blow-ups are simply large, cylindrical melting 
pans made of cast iron, and holding from three to ten tons of sugar 
each. The solution is next poured into a cast-iron box with a 

» 

Fig. 9. COOLING AND CRYSTALLIZING APPARATUS. 
(The separation of the sugar from the concentrated syrup, by crystallization, 
is completed in this apparatus. Below the hoppers centrifugal separators 
may be seen, for removing the exhausted syrup, or “mother liquor,’’ from 
the sugar.) 
iL perforated cover, and filtered through long cotton-twill bags in- 


closed in woven sheaths, which are hung underneath the cast-iron 
box. 

The filtering room should be properly and adequately ventilated, 
and no expense should be spared to make it thoroughly sanitary. 
The temperature in this room reaches a high degree in the sum- 
mer time. The workmen therefore wear very little clothing, and 
it is customary for those employed in the washing and drying 
departments to go about with bare feet. The excessive heat and 
humidity frequently cause a skin disorder known as “sugar refiners’ 
itch,”’ and rheumatism and other related ailments are also common. 
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The men should receive medical examination from time to time, 
and any that are found to be suffering from skin trouble or to be 
subject to rheumatism, should be shifted to other departments, 
either temporarily or permanently, according to the judgment of 
the physician. An adequate ventilating system in this department 
will be of great benefit to the workmen, and will also tend to 
increase the efficiency of the plant by enabling the employees to do 
more and better work. The steam from the vats in which the 
soiled filter bags are washed and rinsed is perhaps the chief source 
of the excessive humidity, and the high temperature is largely due 
to the heat from the drying rooms. Proper local exhaust ventila- 
tion at the vats and in the drying rooms would overcome these to 
a great extent. ; 

The method of cleaning the filter bags is about as follows :— 
when the liquor ceases to flow freely the nozzles are unscrewed 
and the bags are removed from the sheaths, turned inside out, and 
washed by hand. The muddy impurities are gradually removed 
by continuing the washing operations, while alternately turning the 
bag inside out and restoring it to its normal condition. The mud 
is afterwards removed from the “sweet water” by means of a filter 
press, and the filter-press operators often have their hands or 
fingers injured between the press plates. 

Accidents of this nature are largely due to carelessness or +o 
improper methods, and the most effective way to prevent then 
consists in warning the operators of the danger and instructing 
them carefully before allowing them to work about the presses. 
The wringer rolls, through which the bags are passed in order to 
squeeze out the excess water previous to drying, are sources of 
great danger, and careless or heedless workmen frequently allow 
their fingers and hands to get too near to the intake point between 
the rolls, where they are drawn in and crushed. These dangerous 
places should be guarded by V-shaped bars which will permit the 
bags to be inserted between the rolls, but will prevent the hands 
of the workmen from being drawn in. The driving belts and pul- 
leys should also be guarded. Greater safety, and probably better 
efficiency, would be the result if these wringers were discarded, 
and drying machines of the hydro-extractor type were used in their 
place. 

In order to decolorize the sugar liquor it is next run through 
bone-black (or “char,” as it is called by the workmen) which is 
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a carbonaceous substance obtained by calcining bones in closed 
vessels. ‘The bone-black is in a finely-divided state, and is usually 
brought to the char cisterns by conveyors. The char cisterns are 
cast or wrought iron cylinders, usually about 10 feet in diameter 
and 18 feet high. Each cistern has a manhole located at the top 
and another one at the side near the bottom, the fresh char or 
hone-black being introduced at the top one. The upper manhole 
openings are flush with the floor, and they should never be left 





Fig. 10. PACKING THE RAW SUGAR IN BAGS. 


uncovered, lest the workmen fall into them. Even if they do not 
fall through, serious bruises are sure to result. Gratings should 
he installed over these openings and should be kept in place at all 
times, the bone-black being allowed to sift through them. 

The char is removed at stated intervals for purification, and is 
re-burned in kilns or furnaces which are maintained at a temper- 
ature high enough to remove the impurities in the char by destruc- 
tive distillation. Carbon dioxide, ammonia, and other gases, some 
of which are inflammable and even poisonous, are given off, and 
suitable precautions should be taken to prevent them from spread- 
ing through the kiln rooms. All openings in front of roasters and 
kilns should be protected by hand-rails and toe-boards. 
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Conveyors are used in nearly every department of a refinery, 
and they are of various types—bucket, belt, trough, and worm con- 
veyors being very common. Each of the numerous pairs of sper 
gears which operate the mechanism for feeding the char to the 
hoppers should be completely inclosed hy a sheet-metal guard, and 
the various bucket conveyors should he protected either by sub- 
stantial wire-mesh guards six feet in height, or by toe-boards six 
inches high and by standard railings set back from the conveyors 
a distance of at least 15 inches, 

The final process in the refining of sugar is the drving operation, 
Which is usually accomplished in rotary driers consisting of large 
iron cylinders revolving on trunnions. After being thoroughly 
dried, the sugar is barreled, bagged, or placed in cartons. 

In making cube sugar the dried granulated sugar is moistened 
and pressed into cubical blocks by an ingenious device called the 
eube machine, and the small cubes of sugar are then placed ou 
baking plates and slowly dried in ovens. 

In barreling, the empty barrels are placed on shaker plates, 
which are rocked by cams located in the floor below, while the 
sugar falls into the barrels. These cams, and also the driving 
belts and pulleys, should be efficiently guarded. 

In the grinding and pulverizing department there are possibili- 
ties of sugar-dust explosions, unless precautionary measures are 
taken. Sugar dust is highly explosive when mixed with air in 
certain proportions, and care should therefore be exercised to see 
that no open flames of any kind are allowed in the grinding rooms. 
Special attention should be given to the careful inclosing of all 
conveyors and hoppers leading to and from the grinding and cut- 
ting machines, and the machines themselves should also be located 
in dust-proof inclosures. Each machine should be grounded at 
two points, preferably at each end, to eliminate the possibility of 
an explosion caused by sparks of static electricity. 

There is a considerable fire hazard present wherever char or bone- 
black is reclaimed before drying. This work should be performed 
only in thoroughly fire-proof rooms, and it is specially important 
that the floors be of non-combustible material. Under no circum- 
stances should bone-black be brought into the plant until it is 
thoroughly cooled, and the calcining of bone-black should be done 
in a char-house entirely separated from the rest of the plant. 


Unslaked lime should always be stored in a detached building. 
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Many accidents occur while the men are working about the mud 
drier by which the impurities removed from the filter bags are 
collected and dried out. (This material is afterward packed in 
bags and sold to plants manufacturing fertilizers.) The runways 
and platforms, as well as the flooring about these mud driers, are 
frequently in a dangerous state, because they have been allowed 
to deteriorate past the point of safety. They should be inspected 
frequently and all necessary repairs should be made promptly. 
In addition, all dangerous unprotected shafting, belts, chains and 
sprockets should be efficiently guarded. 

In the sugar packing room the exposed gears and the sprocket 
and chain drives on the automatic sugar packers should be guarded, 
and also the spur gears on the bag-filling machines. The driving 
belts and pulleys on the carton folder and on the carton-sealing 
and tablet-wrapping machines should also be guarded. 

There are many steam and hot-water pipes in sugar refineries, 
and it is of the utmost importance that these be frequently and 
carefully inspected and tested. Our accident records contain many 
descriptions of burns and scalds from these sources. In one typi- 
cal case, for example, a filter tender was working about the filter 
room when a gooseneck on the hot-water line to the char filter splic 
without warning, and the man was severely scalded. 

If a safety campaign is to be inaugurated in any refinery, the 
first and greatest difficulty is educating the workmen in matters 
pertaining to their own safety. Many of the men are foreigners 
(Poles and Slavs predominating) who cannot speak or read the 
English language. This necessitates the appointment of interpre- 
ters versed in safety matters, and the printing of safety signs in 
the various languages that are spoken in the plant. 


GENERAL SCIENCE A REQUIRED SUBJECT 


General Science has been made a required subject in the course 
for training teachers in Home Economics under the administration 
of the Smith-Hughes funds available in Nebraska. 





General Science in the Agricultural High School 


FRANKLIN E. Heap, Agent for Agricultural Teacher-Training in 
Massachusetts. 


It seems that there are three possible ways of viewing the rela- 
tionship between general science and elementary agriculture. 

1. They may be more or less interchangeable, one being 2 
reasonably good substitute for the other. 

2. There may be no possible relationship between them any 
more than between two isolated subjects of the curriculum. 

3. They may be equally necessary courses for some schools and 
the correlation or coordination of the two subjects the only rational 
arrangement. 

The observation of the practice followed in many schools of the 
country would lead one to accept no one of these three proposi- 
tions. In many schools a course in elementary agriculture is 
made so broad that it furnishes to a large extent the material 
which would be incorporated in a general science course in some 
other schools. A general science course is made sufficiently nar- 
row to be mostly a course in elementary agriculture where it is 
intended it should replace it. In schools where there is not any 
pretense made of conducting a course in agriculture it is doubtless 
true such a general science course serves the needs of the pupils 
in the high school quite well. If, however, we make a careful 
statement of the specific aims of the course in introductory or 
general science, it will be observed that as to both content and 
method the course in general science is somewhat broader than 
an acceptable course in agriculture should be. 


Speciric Ars or A Course IN INTRODUCTORY OR GENERAL 
SCIENCE. 

1. ‘To furnish for the pupil of the first year of the usual high 
school, or the corresponding period of the junior high school, such 
a study of natural phenomena and the applications of science in 
every-day life as may be a natural sequence to the nature study of 
the grades and may lead to an appreciation of the environment. 





1A summary of observations in about twenty states, made by the author 
while with the United States Department of Agriculture. 
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2. While in no sense aimed to prepare for the advanced courses 
in science which fit for college, this course will serve somewhat 
the same relation to other science courses that the pre-vocational 
courses do to the vocational courses of the same school system. 
That is, the pupils will have something of a comprehension of 
the field that is covered by the sciences. It should undoubtedly 
prevent misfits and unwise selection of courses, and for that reason, 
as well as others, should be required of all pupils. 

3. The industries nearest at hand and the every-day experiences 
of the home, the farm, the shop or the playground should be 
interpreted by or for the pupil, not for the purpose of teach- 
ing certain scientific principles primarily, but by following back 
through the observed results or conditions to seek causes and to 
apply them to other related experiences. 

4. To make the transition from the nature-study methods of 
the grades to the real scientific attitude and method. This does 
not mean that the methods usually followed in high school science 
should be followed, but the scientific spirit of open-mindedness, 
willingness to investigate, the habit of observing closely, recording 
accurately, searching authorities and verifying conclusions by fur- 
ther observation should all be developed. 

5. To raise the commonplace in the estimation of the pupil 
and to dignify humble occupations by making them more fully 
comprehended is an important aim. 

6. To utilize the psychological tendencies of the adolescent 
youth as a means of more rational mental progress. A few of 
these tendencies are the desire to make collections, a constant 
repetition of the question “Why?” the desire to do something or 
to prove one’s skill, the revulsion against empirical knowledge and 
drill as such. At this age many boys desire to leave school merely 
because they feel competent to go to work and revolt against what 
appears to be impractical. 

?. To provide the most vital material, in conjunction with 
social studies, which may be correlated with the school work in 
other subjects. 

8. To help all pupils to comprehend the allusions in all modern 
literature which assume some knowledge of science. Classical 
pupils rarely get this training except in such a course. 

So many of these aims would apply as well as aims for a course 
in elementary agriculture of a general nature, that the latter 
might be accepted in a community where only one year of agricul- 
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ture is given or where the agriculture is for academic rather than 
vocational purposes. ‘The main objection to most of the general 
science courses which may be observed in the different high schools 
in the country lies in the fact that they fail to a large extent to 
seek to carry out the aims which have been stated. 

Wherever the teacher departs from the textbook method it is 
frequently merely to lecture and not infrequently to bring in 
technical science obtained in his own college studies. There are 
few textbooks in either general science or elementary agriculture 
which should be followed without considerable variation towards 
local conditions and concrete experiences in the life of the pupils 
in that community. Since no college trains teachers for general 
science the untrained teacher usually falls back upon the methods 
which his college professors used in technical courses. Under such 
conditions it would undoubtedly be preferable that a good course 
in agriculture should be given rather than a poor course in general 
science, but it is not necessary to assume that these alternatives 
are inevitable. In other words, it does not seem that the first 
way of stating the relationships between these subjects, that of 
substituting one for the other, need necessarily be the best one. 

The second method proposed, that of complete isolation of the 
two subjects will usually be discarded if one would accept the 
following list of practicums as items upon which a pupil should 
gain some skill during his course in general science. 

GAINING SKILL. There are many things which any boy or girl 
should be able to do skillfully which involve some scientific prin- 
ciples that should be understood. The coordination of the learn- 
ing to do and the learning to understand is the best method of 
accomplishing each result. Some of the operations in which the 
pupil should acquire skill are as follows, and these will be sugges- 
tive of others. In connection with individual projects more atten- 
tion should be paid to this phase of the subject, but as many 
related practicums of this sort should be used as the plan of the 
course will permit. 


Suggested practicums to gain skill: 


Discharging and reloading fire extinguishers. 

Using the thermometer in various experiments, 

Using clinical thermometer. 

Reading and recording the thermometer, barometer and other 
measuring instruments. 
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Testing the atmosphere for carbon dioxide, determining the hum- 
midity and interpreting the same in school rooms. 

Regulating dampers, steam valves and ventilating apparatus. 

Reading gas, water and electric current meters and computing 
cost. 

Making litmus tests at home. Include soil test. 

Keeping weather records and making graphs. 

Adjustment of pumps, faucets, etc. Repairing faucets. 

Wiring for electric bells, installing cells and rearranging the 
circuits for different purposes. 

Operating an incubator and a brooder. 

Setting up, adjusting and operating electric appliances at home. 

Judging corn or potatoes. 

Observing, identifying and recording observations of birds or 
other animals or plants. 

Testing corn or other seeds for germination and vitality. 

Identifying breeds of horses, cows, sheep, poultry, etc. 

Making cuttings, grafting and doing other practical work in 
plant propagation. 

Mixing cement for different purposes. 

To remove grease spots, iron rust and other stains. 

To restore a person who is partly drowned or otherwise asphyx- 
iated, in the absence of a doctor. 

To give first aid in case of cuts, frost-bites, snake-bites and other 
injuries. 

To cut off the water, gas or electricity at the home. 

To attend to clogged traps in plumbing. 

To insert new fuses, faucet washers and similar substitutions at 
home. 

To start a gas engine. 

To mix a spray and apply the same to trees and shrubs. 

To transplant tomatoes and other garden plants. 

To set a fruit tree or a shade tree. 

To use the Babcock test for butter-fat and the milk sediment 
test. 
Adjusting and using corn-planter, seeding drill and fertilizer 
distributor. Understanding mechanical principles involved. 
Adjusting and using sewing machine, vacuum cleaner and other 
household machines. Understanding mechanical principles 
involved. 

Sharpening a knife, a saw, shears, a chisel. Understanding prin- 
ciples involved. 

Mixing a balanced ration for poultry or other animals. 

Making a balanced menu for a family dinner. 


Other practice will be suggested by the industries or the home 
life of the pupils in the community. 
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Even a casual inspection of this list will show definitely that 
there are many agricultural practicums included and also that a 
course in elementary agriculture would fail to supply many of 
these. This brings one to the third statement of possible rela- 
tionships. 

One of the difficulties which pupils encounter in beginning the 
study of agriculture or home economics, or any subject in applied 
science and useful arts, lies in the inability of the beginner to 
properly interpret the scientific phenomena involved. For this 
reason many persons advise the study of chemistry during the first 
year of an agricultural course in secondary schools, but the pupils 
would at the same time miss much of importance which is involved 
in such sciences as physics and biology. If a course in general 
science is so organized as to take cognizance of local problems and 
at the same time to correlate with other steps in the first year 
program the teacher in general science and the teacher of agricul- 
ture will be able to unify the items of common interest and pre- 
vent much of each subject from being over the heads of the stu- 
dents. If a teacher carries all of the agriculture in a four year 
course he will have little opportunity to carry another subject. If 
he must carry another and is capable of teaching general science, 
this should be his choice and other sciences next. More frequently, 
however, the teacher in general science will teach other sciences and 
will not teach agriculture. He will be able to reinforce to a large 
measure the teaching of the agricultural instructor. 

The writer has observed several hundred schools, having in mind 
these particular problems, and has observed all courses of excellence 
and is convinced that where the teachers are well informed and 
have in mind the proper aims both as to their own subjects and 
as to correlating with their colleagues, this method of two parallel 
courses is by far the best. 

Examples have been observed where the general science teacher 
taught the subject of capillarity in such a way as to correlate well 
with the discussion of soil moisture and tillage in agriculture, 
the construction and use of the iceless refrigerator in home. eco- 
nomics course, and other broad applications of the topic in every- 
day life. A discussion of centrifugal force has led to the appli- 
cation to milk separators, butter fat tests, clothes driers and gover- 
nors in engines. In these cases the instructors of the different 
subjects confer together and make many of the correlations at the 
most opportune time. 
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Two instructors were observed teaching the subject of bacteria. 
One discussed largely soil bacteria, milk bacteria and the bacteria 
of contagious diseases, and found little time for technical work 
with his elementary class. The second man spent most of his 
time on a few cultures, giving lessons on classification of bacteria 
and showing a few specimens which he prepared for observation 
under the high-power microscope. The pupils saw no bacteria in 
the first course, but had a better working knowledge of the problems 
involved. 

If the farmer is to be a citizen first of all, then his lines of 
interest are broadened and such subjects as general science and 
community civics will help him to take deep root in the complex 
life of which he is an important part. It ought not to be neces- 
sary to narrow him entirely to agriculture on one hand nor to 
substitute general science for agriculture on the other hand during 
this preliminary year in his training along agricultural lines. 





Book Reviews 


Science and Plant Life. Edgar N. Transeau. World Book 
Company. ix-+336 pages, 194 illustrations, $1.48. 

Unlike the common textbook in botany, this book attracts you, 
and then holds you. Just as physics and chemistry form the back- 
ground for manufacturing and industrial life, so the author be- 
lieves botany should serve as the background for agriculture, hor- 
ticulture and forestry. In his selection of material and method of 
treatment he has achieved success. 

The drawings by Mr. Sim are particularly good. The half-tone 
illustrations are the kind which appeal to us because of the prac- 
tical and useful applications which they suggest. 

Each chapter ends with a few question-problems, and preceding 
each chapter are suggestions for laboratory and field work. These 
should be of practical help to the inexperienced teacher. The book 
is written for high school pupils. 

Farm Science. W.J. Spellman. World Book Company. vii+ 
344 pages, 174 illustrations, $1.28. 

The book aims to explain the mysteries that exist in the various 
farm operations. It is written for beginners in agriculture as a 
foundation text. The four main divisions of the book are, “The 
Soil,” “The Plant,” “The Animal,” and “The Farm.” These sub- 
jects are simply but effectively treated. The book should serve well 
as the introductory science in an agricultural course. It is almost 
an agricultural “General Science.” The appeal to pupils to under- 
stand the science in things is strong. The book can be used with- 
out much equipment for experiment, and it does not require an 
agricultural expert to teach it. 











GENERAL SCIENCE QUARTERLY 


What is a ‘*Ton’”’ 


When you order a “ton” of coal from your dealer, you should 
receive 2,000 pounds, although the dealer purchases his wholesale 
supply by the “gross ton” or “long ton” of 2,240 pounds. Then 
we have the “metric ton” containing 2,240.6 pounds. Again, there 
is the “mining ton,” which contains 2,352 pounds, and the “ton” 
of timber, which is 42 cubic feet. 

So you see that the term “ton” is confusing, unless qualified in 
such a manner as to indicate just what kind of a ton is meant; 
but, to add to the confusion, the word “ton,” as used in connection 
with shipping reports, has five different meanings. 

The “gross tonnage” of a merchant vessel is the entire interior 
capacity of the ship expressed in “tons” of 100 cubic feet. 

The “net tonnage” or “registered tonnage” of a merchant vessel 
is that portion which is available for carrying passengers or cargo. 
The net ton is 100 cubic feet of space, and the net tonnage is 
determined by subtracting from the gross tonnage the amount of 
space occupied by engines, boilers, coal bunkers, crew quarters, etc. 

The “measurement ton” is only 40 cubic feet, and therefore a 
ship can carry a cargo which measures two and one-half times its 
net tonnage. The “dead weight tonnage” is the weight of cargo 
in tons of 2,240 pounds which a ship will carry. When an ocean 
freight rate is quoted at a certain price per ton, it is understood 
that this rate means either weight ton or measurement ton at the 
option of the carrying company. On light and bulky cargo the 
charge is based on the measurement ton, while on heavy cargo the 
weight ton of 2,240 pounds is used as a basis for computing charges. 

The “displacement ton” is used only in reference to warships. 
When the tonnage of a warship is mentioned, it means the actual 
weight of water displaced by the warship fully equipped. Thirty- 
five cubic feet of sea water weighs a long ton, and when we speak 
of a 30,000-ton battleship, it means that the battleship actually 
displaces 30,000 tons of 2,240 pounds each. 

For convenience in carrying out their work, the assayers have 
devised what is called an “assay ton weight.” This is a weight 
having a value of 29.166 grams. Its value is such that when a 
sample of ore of this amount is weighed out, for each milligram of 
precious metal found in the assay of the sample, there will be 1 troy 
ounce per avoirdupois short ton.—Bul. 13, Dept. of Standards, 
Massachusetts, 























Nature Study in the Grades 


GERTRUDE B, GOLDSMITH, STATE NorRMAL ScHOooL, SALEM, Mass. 


AIMS 

The principal aims of Nature Study are to develop a true appreciation of 
one’s surroundings and the power to utilize forces and materials which lie 
close at hand for the furthering of our social or individual needs. Much 
that is beautiful and inspiring passes quite unheeded by the one whose eyes 
have never been opened to the wealth that surrounds him, and many a 
simple problem may go unsolved because of the lack of the knowledge of the 
relation of available means to a desired end. Nature Study is making 
friends with the out-of-doors, and so implies a knowledge of characteristics 
and value, an appreciation of what one finds, and a desire for greater 
knowledge. In the lower grades stress is naturally given to the aesthetic 
side—the cultivation of appreciation of carefulness and even affection for, 
living things—for it is the spirit of the work rather than a fund of informa- 
tion which is desired in little children. But use should not be entirely 
neglected. In the upper grades the accent gradually becomes transferred to 
the utilitarian and civic point of view, but the broadening of experience in 
the world and the wider acquaintance with literature and art afford ample 
opportunity for the continuance and deepening of appreciation. 


METHOD 


In the method of procedure observation and careful thinking by the in- 
dividual are the essentials. For this reason the whole out-of-doors is by 
far the best laboratory for a very large part of the work, since here we 
have the objects of study in their natural environment. Artificiality is 
always to be avoided and it is in only a few cases where this is not found in 
in-door classes. Where the organization prohibits fields trips, objects to be 
studied must be brought in and natural conditions be reproduced as far as 
possible. In the study of insects a very simple cage may be made for 
small species by filling a flower pot with soil, placing a piece of sod on it 
and covering it with a large lamp chimney over the top of which is tied a 
piece of netting. Wherever there are classes in manual training larger 
cages may be easily made and will serve many different purposes. 

In all grades, but particularly in the first, the lesson should be informal, 
and the time of presentation determined largely by the occurrence of favor- 
able circumstances, for interest and enthusiasm are always large elements 
in securing success. But this flexibility of program should never be allowed 
to serve as an excuse for omitting the work entirely. There will always be 
a@ superabundance of material and opportunity from which the alert teacher 
may select. 


’ CORRELATION 


No other one subject offers greater opportunity for correlation, and read- 
ing, spelling, story telling, English composition, music, art or drawing in all 


(167) 











168 GENERAL SCIENCE QUARTERLY 


its phases, arithmetic, literature and geography readily combine with, or 
adjust themselves to, nature study as a center. Neither is there anything 
which lends itself better to project work. The raising of vegetables or 
small fruits, care of shade trees, making and maintaining a lawn, a window 
box, an aquarium or terrarium, the attraction and preservation of native 
birds, the protection of shade or orchard trees from enemies, and many 
other activities may be used as centers of thought. 

The following outline is intended to be suggestive rather than dogmatic 
and should never be followed slavishly. Whenever a plant or animal is 
brought in, that is the day and time for a lesson. Do not wait till opportun- 
ity has flown and enthusiasm is cold. We should not lose sight of the idea 
of progress, however, for much of the failure in attempts to establish 
Nature Study has arisen from the tendency to do over and over again the 
things which are obvious or most easily obtained. 

The topics found under Nature Geography are not intended to be antag- 
onistic to anything which may be listed in a geography outline, but are 
rather in the nature of correlation and may very properly be taught in 
geography periods in grades where it is made a separate study. 

In the garden work the ultimate aim should be the possession of a 
garden by every child at his own home. To this end little is here attempted 
in the way of school gardens in the generally accepted sense, but it is 
expected the children will acquire sufficient knowledge of the various 
common crops to enable them to cultivate whatever they may desire, and 
it is hoped there will be awakened an enthusiastic interest which will help 
largely to insure success. In each grade it may be necessary for the teacher 
to assist in making out seed orders and to distribute seeds. 

The formation of a Junior Audubon Society is perfectly feasible and 
helps greatly in the interest of bird study. This should be continued through 
the succeeding grades after it has been organized, and it may be made to 
serve as a basis for a more mature organization or for civic work. 

Little has here been attempted in outlining work for grades seven and 
eight since the work in these years turns more naturally to the physical 
aspects commonly treated in General Science. The nature study material 
here suggested for grades seven and eight might well become a part of the 
general science course. 

For the successful carrying out of such an outline as this, there should be 
the closest cooperation between teachers of all grades. Since intelligent 
presentation of new material depends upon the understanding of past ex- 
perience, each teacher must know what the pupils have had to furnish a 
background for her teaching, in order that she may neither waste time in 
repetition nor give such advanced instruction that it is lost on the majority. 
And since she is laying the foundation for work in the higher grades, she 
must also be familiar with the intended superstructure, if the result of her 
teaching is to be valuable. 


GRADE I 
AUTUMN. 
FLOWERS 
Keep lists of wild flowers brought in and classify according to color. At 
end of season all should know golden rod, asters, tansy, butter-and-eggs, 
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fall dandelion, stone clover (pussy toes), thistle and Queen Ann’s lace, Learn 
also the commonest garden flowers such as marigold, pansy, nasturtium, sun- 
flower, bachelor’s buttons and cosmos. Play identification games and learn 
to recognize them by odor and touch as well as by sight. Teach simplest 
principles of flower arrangement and allow constant practice through the 
season. Teach care of cut flowers. 


Brrps 

Find out what birds the children already know. Teach pigeon and English 
sparrow and observe any others possible. Put up a feeding-shelf and some 
suet near the building and watch to see how many birds come to it, what 
kinds come, and what they like best. Teach why we should help the birds 
and the necessity for beginning before it is very cold. Encourage home 
feeders. Show necessity of keeping it away from cats. Begin the habit of 
observing where birds are seen and what they are doing. If a canary can 
be obtained, keep it for a few days, letting the children care for it and 
watch it carefully. 


' INSECTS 

Bring in any caterpillars, feed as long as necessary, then watch spinning 
of cocoons or making of chrysalids. Keep in a cool moist place till the imago 
emerges. Encourage bringing in of pupae also. Special study of some 
common species like the cabbage worm, celery worm or milkweed cater- 
pillar. If no large insect cage is available construct a few small, simple 
ones and keep grasshoppers in them for the study of their habits and ac- 
tivities. 


‘ Tree Stupy 

Recognize leaf and general form of those common in the neighborhood, 
paying special attention to elm, sugar maple, horse chestnut and apple. Press 
and mount the leaves and keep for games, reviews, etc. Study the colors in 
their autumn foliage and associate particular colors with definite trees. For 
pure color study gather as many different kinds as possible, see how many 
colors there are and which predominate. (Associate with each tree some 
salient characteristic, as the fruit and flower cluster of horse chestnut, 
“pussy” of the willow, winged fruit of elm.) 


PLANT LIFE IN GENERAL 

“Learn the commonest fruits and vegetables such as carrot, potato, 
cabbage, celery, beet, turnip, parsnip, onion, apple, pear, peach, plum, 
cranberry, squash. Associate these with the harvest season and Thanks- 
giving celebration. Recognition of interesting seeds such as horse chestnut, 
acorn, milkweed, dandelion, thistle and burdock, and those of the trees and 
flowers learned in this grade. Learn poison ivy, poison sumach, pokeberry 
and any other common poisonous plants at the earliest opportunity. 


GARDENING 
Plant bulbs of paper white narcissus or Chinese lily in pebbles and water, 
putting some in a warm, light place, the others in a cool, dark room, 
Compare at various stages. Bring those from the dark to blossom after 
others have passed. 
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ANIMAL STUDIES 
Turkey at Thanksgiving time. 


NATURE GEOGRAPHY 

Sunlight, moonlight and stars for general observation, with songs or 
stories. In early September signs of autumn and in middle November signs 
of winter as shown by plants, animals and man. 


WINTER. 


Birps 
Continue feeding at school and encourage more to put up home shelves. 
Study the crow and blue jay. 


TREE STUDY 

Special study of pitch pine and whatever is used as Christmas tree 
(probably the spruce). Use Christmas tree for birds afterward. Value of 
such trees to birds in woods. 


ANIMAL STUDIES 

Cat. As a pet: how it gets food, adaptations for living, interesting and 
peculiar habits. Care. Relation to birds. Humane Society. 

Dog. From same point of view as cat. Compare with cat. 

Rabbit. Study as a pet and then read or tell about wild forms. 

Use stories and pictures for all, but also have a living one at school for 
at least a day. 


NATURE GEOGRAPHY 

Snow flakes. Frost on the windows. Ice. How we keep warm and how 
animals keep warm. (Fuel, food, clothing, weaving.) Make winter scene 
on the sand table. 


SPRING 


FLOWERS 

Continue the work begun in the autumn, using spring flowers and learn 
dandelion, buttercup, daisy, blue violet, cowslip, bluet, anemone, columbine 
and wild rose. From the gardens get the snowdrop, crocus, daffodil, tulip, 
geranium, iris and lilac. 


Birps 

Identify the robin, blue bird, grackle, red-wing and oriole. Special study 
of robin. Encourage the putting out of nesting materials and water and, 
if practical, nesting boxes. If possible work out-of-doors, but use mounted 
specimens and pictures for identification games, and in the school room. 


Insect STUDY 

Moths and butterflies which emerge from purpae collected in the fall. 
Watch for same species out-of-doors: when do they appear? How do you 
recognize them? Learn a few gaily colored butterflies and moths such as 
the swallow tails, milkweed, io, and catocolas. Teach very simply the evil 
of flies and mosquitoes and cultivate habits of carefulness in relation to 
them. 
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TREE STUDY 

Review those learned in autumn and learn willow, Lombardy poplar and 
cherry in same way. Bring in buds of all these, watch the unfolding and 
see what comes out. Compare with time of opening of same kinds out-of- 
doors. 


PLANT LIFE IN GENERAL 
Parts of a plant. Special study of the buttercup. 


GARDENING 

Plant seeds of brightly flowered plants like marigold, calendula or dwarf 
nasturtium and take home for their own garden when time to set out, 
Germination in the simplest way, primarily to arouse appreciation of the 
beauty and wonder of the beginning of life. Peas, corn, beams or any 
familiar seeds may be planted in paper flower pots, flats or window boxes, 
allowing each child to care for his own. (A tumbler with a pad of cotton 
wool over water will give excellent results and is an easy way of obtaining 
whole, uninjured plants.) Note how different seedings come out of the 
soil, and the difference between first and later leaves. 


NATURE GEOGRAPHY 
Signs of spring. Sunshine and returning warmth in relation to birds and 
flowers. Color in prism hung in sun. 


GRADE II 


AUTUMN 


' FLOWERS 

Continue the work of Grade I., adding the following :—yarrow, chicory, 
fringed gentian, bouncing Bet, and of the cultivated flowers, sweet pea, 
phlox, heliotrope, aster, morning glory, dahlia and candytuft. Note which 
colors predominate and which are rare. 


Birps 

Keep a list of those the children know and find how many are here when 
school opens. Note their disappearance and the new arrivals. Learn the 
junco and make special study of chickadee. 


Insect STUDY 

Review the grasshopper and add something to points learned in Grade I. 
Study the cricket and compare with the grasshopper. Study katy-did also. 
Learn essential characteristics, habits, food, length of life and economic 
importance of each. The Bumble Bee. 


TREE STUDY 
Continue work of Grade I. and learn well the linden, tulip, oak, Norway 
maple and pear. Note any new colors in autumn leaves not found last year. 
Uses of trees in simple way. Create feeling of respect and appreciation. 
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PLANT LIFE IN GENERAL. 

Learn more common fruits and vegetables, such as tomato, pepper, 
pumpkin, sweet potato, salisify, kohl-rabi. Collect and learn fruit and seeds 
of trees and flowers learned in this grade; also nuts of this section. Uses 
of seed. Relation of flower to fruit, finding plants that show various transi- 
tional stages. Special study of evening primrose. 


GARDEN WoRK 
What the farmer does in autumn. Plant in paper flower pots easily grown 
bulbs ;-—hyacinth and Princeps narcissus. 


ANIMALS 


Squirrel. Its food and how obtained. Habits and activities. Prepara- 
tion for winter. Learn the gray, red and chipmunk. 


NATURE GEOGRAPHY 


Wind: difference between autumn and summer winds: what it does to us 
and for us: its strength. 


WINTER 


Birps 

Review work done in Grade I. Find how many made any attempt last 
year and encourage more to try. Put up a feeding shelf near the school and 
tie suet to a branch near by. Note general coloring of winter birds and 
think whether it is any advantage to them. Where do birds stay during 
storms and cold nights? Study the downy wood pecker. 


TREE STUDY 
Study the white pine and compare with pitch pine learned last year. Also 
red cedar. 


GARDEN WoRrK 
Bring out bulbs in December or January and let each child care for his 
own. When in good condition let him take home if he chooses, 


ANIMAL STUDIES 

Mouse. Its food and how obtained. Homes of different kinds. Habits 
and activities. Winter home. Why it is a nuisance. Mice as pets. 

Horse. Study as a pet and an animal of use. 


NATURE GEOGRAPHY 
Ice. Melt ice in-doors and outside of the window. Freeze water in an 
open pan and in a bottle. Power of ice, its use; ice harvesting. 


SPRING 


FLOWERS 
Add to the list of familiar flowers the hepatica, lady’s slipper, Jack-in-the- 
pulpit, red and white clover, white violet, strawberry, five-finger (cinque- 
foil), and arbutus. Of the garden flowers learn the hyacinth, Easter lily, 
and golden bell (forsythia). 




















Nature Stupy IN THE GRADES 173 


Brrps 

Learn the chimney swift, flicker, song sparrow, and summer warbler. 
Study song sparrow and flicker carefully. Begin the study of strongly 
characteristic calls such as crow, blue jay, gull, chickadee, and swift. 


Insect StTupyY 

Watch for insects out-of-doors and study any that may be found. Note 
where they are, what they are doing and upon what they feed. (This wide 
scope is to encourage children who have little opportunity for collection to 
bring what they can find and to create the feeling that anything is worthy 
of some time and attention.) 


TREE STUDY 

Review all previously learned. Pay special attention to learning the white 
maple, aspen, chestnut, white oak, witch hazel, box elder and plum. 

PLANT LIFE IN GENERAL. 

Study violet in detail. 


GARDEN WORK 

In April plant seeds of cosmos, French marigolds, and petunias to take 
home when sufficiently developed to transplant to the garden. Grow rad- 
ishes in a window box. Encourage home gardens for a few easily grown 
flowers and vegetables. What the farmer does in the spring. 


ANIMAL STUDIES 
Hen and chickens. As pets and for profit. Encourage some children to 
start keeping a few as a home project. 


NATURE GEOGRAPHY 
Clouds: Different shapes and colors: movement. Rain: effect on plants 
and animals: compare desert with moist country. Rainbow. 


GRADE III 


AUTUMN 


FLOWERS 

Continue recognition of wild and garden flowers. Of the former learn 
evening primrose, cardinal flower, jewel weed, sweet pepper bush and Joe- 
pye-weed, and of the latter calendula, California poppy, zinnia, calliopsis, 
salvia and mignonette. Keep a flower calendar, noting when the last of 
each species is brought in. (Keep a copy for reference in the spring.) 
Parts of the flower and use of each. Review frequently with different 
flowers. Myths and stories will add interest and help to fix peculiarities, 
Purpose of flowers. 


BIrps 
Review those previously learned and find them out-of-doors. Note the 
gathering in flocks for migration. Food of late departing ones. Study the 
white-breast, nut-hatch and king-fisher. 
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Insect STUDY 

Cabbage and tomato worms to show life cycle. Distinguish moths from 
butterflies. Dragon fly and “lady-bug” to teach helpfulness of insects. 
From latter learn characteristics of beetles. 


TREE STUDY 

Distinguish evergreens from deciduous as a class. Select a tree for study 
through the’ year and keep definite record of its changes. Preparation of 
trees for winter; formation of buds, withdrawal of sap, fall of leaves, etc. 
Add to list of familiar trees, larch, balm-of-Gilead, beech, wild cherry, 
catalpa and peach. 


PLANT LIFE IN GENERAL. 

Learn the fruit and seed of trees and other plants studied in this grade 
and any others accessible. Storing of fruits and seed. Special study of the 
dandelion. Poisonous plants. 


GARDEN WoRK 

Plant bulbs of paper white narcissus in water and in paper flower pots. 
Let the first develop at once, but put the latter in a cool place to retard. 
Allow some to develop by Thanksgiving and bring out others to show suc- 
cession. Plant Trumpet Major Narcissus and treat similarly. 


ANIMAL STUDIES 


Sheep. Study as pets and as a useful animal. Wool and what is made 
from it. (Correlate with weaving for hand work.) 

Cow. Its food, habits, peculiarities, care, value and dairy products. Make 
butter and cream cheese. 


NATURE GEOGRAPHY 
Frost. How and when formed, effect on plants and animals, force exerted. 


WINTER 


Birps 


Encourage feeding as before. Watch for new species and become more 
familiar with old ones. Study the junco carefully. 


Tree STUDY 
Study hemlock, arbor vitae, and, if possible, fir balsam. 


ANIMAL STUDIES 


Homes of animals. 


NATURE GEOGRAPHY 
Snow. Make weather calendar. 
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SPRING 


FLOWERS 


_ Begin a flower calendar, noting first date for each. Compare with autumn 
list and note species occurring in both. Note length of blossoming season 


of as many as possible. Which have very short season? Which a long one? 
Add to list well known skunk cabbage, dog’s tooth violet, lady’s tobacco, 
saxifrage, blood root, lily-of-the-wood, self heal and any others that are 
abundant. Syringa, snowball and Japanese quince may be had from 
gardens, Necessity for cutting most garden flowers frequently. 


Birps 

Special study of summer warbler. Learn also gold finch, barn swallow, 
humming bird, king bird, and meadow lark. Note the food of each and any 
interesting habits. Keep a calendar and note first arrivals. Study migra- 
tion very simply. 


Insect StupDY 
Study wasps (the paper making), June beetles and potato beetles. 


TREE STUDY 
Study maples as a group and distinguish the red, white, sugar, Norway, 
and, if possible to obtain, the sycamore, cut-leaf, and striped. 


PLANT LIFE IN GENFRAL. 
What a plant needs to grow. How plants get food and water. Roots and 
their work. 


GARDEN WoRK 

How to plant seed. Plant tomatoes and lettuce in flats. When large 
enough transplant lettuce to other flats and tomatoes to paper pots. In 
June take home tomatoes for home garden and transplant lettuce to school 
garden whenever it is warm enough. Encourage home gardens. Careful 
study of culture of tomatoes and lettuce. 


GRADE IV 


AUTUMN 


FLOWERS 

Increase acquaintance with wild flowers as much as possible, but keep 
the lists classified according to habitat. Old friends will thus be seen in a 
new light and lead through this to a simple study of plant societies. Silver 
rod, mullein, mustard and closed gentian should be learned if not already 
familiar and distinguish the different asters and more characteristic golden 
rods. Also the petunia, sweet William, verbena, gladiolus, stock and agera- 
tum of the garden. 

Brrps 


Learn to know well the chipping sparrow, tree sparrow, purple finch, and 
white throat. 
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Study especially the habits of birds valuable in cleaning the gardens, such 
as sparrows and finches. 

Observe the flight of birds, studying strongly characteristic ones at first, 
e. g., gulls, swallows, swifts, gold finch, crow and robin. 

Form a Junior Audubon Society. 


INsEcT STUDY 

Collect insects from ponds and brooks early in September and keep in 
aquaria. They should find water boatmen, back swimmers, water striders 
or “skaters,” perhaps the giant water bug and some of the beetles. Study 
their habits and life history and from the first three learn the characteris- 
tics of bugs. 

Study the cicada and coddling moth. 


TREE STUDY 

Select a tree of quite different character from that selected in Grade III. 
and study through the year in the same way, comparing with last year’s 
notes. Broaden idea of evergreen to include rhododendron, laurel, and 
other “broad-leaved evergreens.” Collect horse chestnuts, hickory nuts, 
acorns, maple keys and any other seeds and bury in the soil about 2 inches 
deep in well drained place. Make cuttings of currant, poplar, willow, grape 
and any trees or shrubs which propagate by cuttings, tie in bundles and 
bury in the soil. Learn sassafras, hickory and sycamore. 


PLANT LIFE IN GENERAL. 

Seed dispersal: make collection and learn them. Seeds used as food by 
man or animals. How seeds protect themselves. Distinguish between fruit 
and seed. Classify fruits in large groups. Food plants, and the particular 
part used as such. Effect of frost on plants. 


GARDEN WoRK 

As a school project plant one or more window boxes with Dutch Roman 
Hyacinths, Grand Primo Narcissus and single Von Sion. Sow spinach in 
school garden, and make special study of its culture. Harvesting and stor- 
ing of crops. 





NATURE GEOGRAPHY 
Find the Great Dipper, North star, and Orion. Myths concerning them. 


WINTER 


BIRpDs 

Watch for red polls, who help carry on the work in cleaning up weed 
seeds. Observe other birds which should be already familiar and see how 
many assist in this work, 

Special study of herring gull. 


TREE STUDY 
Start cuttings of willow and poplar in water to study growth of roots and 
young shoots. Transplant to flower pots. Start others directly in soil. 
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Winter condition of trees. Identification of all common ones by bark, buds, 
leaf scars, color of twigs, ete. 


PLANT LIFE IN GENERAL. 
Use of berries and dry fruits as home decorations. 


GARDEN WoRK 

Bring in window box planted in autumn and take turns in caring for it. 
When flowers are gone, sow seeds of white petunia and any colored verbena. 
Conditions for seed germination. Depth of planting. 


ANIMAL STUDIES 


Gold fish and the maintainence of an aquarium. Native fishes. Snails. 
How animals protect themselves. 


NATURE GEOGRAPHY 
Moon and its phases. The story of coal. Making crystals. 
Sun. Source of heat and light: its relation to seasons and temperature. 


SPRING 
FLOWERS 
Larkspur, sweet alyssum, for-get-me-not, snap dragon and begonias may 
be added to the list of garden flowers, and of the wild flowers learn 
Solomon’s seal, laurel, wild sarsaparilla, woad-waxen, bladder campion and 
black-eyed Susans. Study wild flowers from same point of view as in the 
autumn. Necessity of cutting flowers to keep up supply. 


Birps 

Watch for return of birds you know and add as many as possible to the 
list. Study nesting—where nests are placed, when made, of what materials. 
Put out materials for nests, also drinking and bathing places. Water as an 
attraction to the birds. 

Become acquainted with cedar wax-wing, cat bird, vesper sparrow, phoebe, 
chebec, bobolink, and indigo bunting. 

Continue observations during the summer, 


Insect STUDY 
Make a thorough study of the house fly and construct traps for home use. 
Stable fly, blue bottle and green heads for comparisons. 


TREE STUDY 

Review twig study. Study buds with their relation to branching and 
form of tree. Keep a tree calendar. Plant cuttings buried in fall and 
start garden for trees and shrubs. Use also new cuttings made now. Plant 
seeds saved in autumn and also some of white maple which may be gathered 
in May. Study birches as a group—black and gray, the yellow and white 
if possible, and the European. 


PLANT LIFE IN GENERAL. 
Stems and their work. Vegetable products, e.g., maple sugar, starch, 
rubber. Use bulbs which have passed their season of bloom and study 
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structure. Parts of a plant used for storage: materials stored: use of 
each. 


GARDEN WorK 

Harvest spinach sown in autumn. Plant carrots in school garden. In 
March plant sweet peppers to be used in home gardens. Study culture of 
carrots and peppers. Thinning. Weeding. Watering. “Cultivating.” 


NATURE GEOGRAPHY 
Rain and how made; teach evaporation and condensation; also solid, 
liquid and gas. Steam. Dew, fog, and mist. 


GRADE V 


AUTUMN 


FLOWERS 

Pay special attention to rare or disappearing species and teach protection. 
Do not allow children to be misled by a chance local abundance into think- 
ing the plant is everywhere common. Study pollination of flowers by insects 
and in this connection examine carefully butter and eggs, evening prim- 
rose and salvia. For a first lesson the nasturtium is excellent. Learn the 
witch hazel blossoms, and of the garden flowers gaillardia, salpiglossis, 
mourning brides, foxglove, sneeze weed (Helenium), chrysanthemum, four- 
o’clock and portulaca. 


Brrps 

Report on observations made during the summer. Study the haunts of 
birds and group according; e. g., birds of the roadside, the orchard, the 
wood lands, the swamps. 

Collect nests and find what materials are used besides those observed last 
spring. Note their position and distance from the ground when taken. 

Study the pheasant. 


INSECTS 

Galls and gall insects. Work of insects in pollinating flowers. Special 
study of tent caterpillars. Collect as many nests as possible and if advis- 
able have a collecting contest. (Makes a good civic or community project.) 


TREE STUDY 

Note succession in fall of leaf. Keep a careful list and so determine first 
and last species to lose foliage. Study nut trees, particularly those of own 
neighborhood. Distinguish hard woods from soft, and conifers from 
evergreens. 


PLANT LIFE IN GENERAL. 
Leaves and their work; their arrangement. Weeds of roadside and fields. 
Harm and uses of weeds: general means of eradication. Fruits raised in 
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New England. Imported fruits; where grown and how. Arrange an out- 
of-door window box of berries and greens. Corn as an industrial plant. 
Preparation of plants for the winter. 


GARDEN WoRK 

Plant crocus and tulips out-of-doors: seeds of asparagus, Sprengerii and 
asparagus plumosus in-doors. Set out cuttings of wandering Jew in a 
window box or hanging pot and plant seeds of candytuft or sweet alyssum 
in another hanging pot. Gathering and storing of seed. 


ANIMAL STUDIES 

Preparation of animals for winter. Study of beaver and muskrat. 

NATURE GEOGRAPHY 

Review star study of Grade IV. (Great Dipper, North star and Orion) 
and study Orion more carefully. Learn also Pleiades, Sirus and Procyon, 
and the Little Dipper. Myths and stories concerning them. 


WINTER 


Brgps 
Bob White and partridge (or ruffed grouse). Enemies of birds. Bird pro- 
tection. Make nesting boxes for spring. Winter feeding at home and at 
school. Make baskets and bags for suet, 


ad 


TREE STUDY 
Structure and work of trees. Adaptation of parts to functions. Study 
various sections of wood, showing annual rings, “grain,” etc. 


PLANT LIFE IN GENERAL. 

Plant a potato in a box; make a careful study of its development with 
sketches. Weigh a potato and remove the skin: after a few days observe 
and weigh again: repeat. Let a potato sprout in a warm place and compare 
with the original condition. Textile plants—cotton, hemp, flax. Spices and 
flavorings. 


GARDEN WoRK 
Continue care of plants started in autumn. Seed selection and seed 
testing. 


ANIMAL STUDIES 
Winter homes of animals, 


PHYSICAL SCIENCE 

Study of fire and flame: a candle and lamp; fire in stove; how to ex- 
tinguish fire; care in handling. Charcoal: its manufacture; its use; e. g., 
crayon, fuel, absorbent, purification of water. Heat: how produced; its 
work. Making of matches. Asbestos and its uses. 
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SPRING 


FLOWERS 

Continue work of autumn. Study flower arrangement carefully and give 
plenty of practice. Add blueberry, huckleberry, chokeberry, Gill-over-the- 
ground, and spurge to familiar flowers with scilla, grape hyacinth, 
rhododendrons and azalea. Study useful blossoms, their products and how 
prepared. 


BIRDS 

Put up nesting boxes as well as nesting materials and drinking fountains. 
Keep a calendar. Learn to know the pewee, cuckoo, cow bird, brown 
thrasher, red start and rose-breasted grosbeak. Study the care of young 
and their food, beginning with well-known and easily observed ones; e. g., 
robin, blue bird, oriole and summer warbler. Observe the difference in the 
color of male and female. 

Study ants and if possible have a nest in the room. Careful study of 
mosquito. Put out jars of pond or rain water where mosquitoes can 
deposit eggs and watch complete development. Also collect wigglers from 
any pond or stagnant water. 


Tree STUDY 
Study time of flowering and fruiting of all trees of vicinity, including 
conifers. Distinguish the different oaks. 


PLANT LIFE IN GENERAL. 
Structure of seed. Relation of seedling to seed. Study of bluets. Classify 
plants as annual, biennial or perennial; also as herb, shrub or tree. 


GARDEN WoRK 

Lesson on transplanting. Transplant to single pots the seedlings of 
asparagus started in the autumn. Garden planning. Tillage. Encourage 
home gardens. Study small fruits and encourage the raising of some as a 
home project. 


ANIMAL STUDIES 
The bat. Spiders. Poultry raising (if practical and apparently worth 
while). 


GRADE VI 


AUTUMN 


FLOWERS 

Show presence of common characteristics and develop idea of relationship. 
Keep lists of all brought in and classify according to families. Special 
study of composites: reason for their abundance in late summer and 
autumn, and their adaptation to cross-pollination. 


Birps 
Study especially the insect-eaters valuable to shade and forest trees. 
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_ Learn chestnut-sided warbler, oven bird, red-eyed vireo. Note their time 
of departure. Keep lists to show latest dates when seen. 


INSECTS 
Honey bees and bee-keeping. Enemies of the garden. Review those 
learned in previous grades and add root maggots, cut worm, cucumber 
beetle, wire worm, squash bug and thrips if they have not been taken inci- 
dentally. Distinguish between biting and sucking insects. Establish the 
relation between this knowledge and spraying and insecticides. 


TREE STUDY 

Trees found in different situations; e.g., swamps, dry soil, etc. Trees 
suitable for school grounds. Group trees in their families. Celebration of 
Arbor Day. 


PLANT LIFE IN GENERAL 

Transplant plants from out-of-doors to house. Slip plants for the house. 
Plants suitable for the house or school room. Weeds of the garden and 
waste places and means of eradication. Plant parasites—black knot; smut; 
rust, ete. Arrange dishes of ferns and berry bowls for winter decoration 
of school, or as gifts. 


GARDEN WorK 

Fall care of the garden. Encourage purchase of bulbs to be planted at 
home or kept at school and used as gifts. Make out a bulb order and send 
for all at once. Study crops grown in the vicinity and classify into root 
crops, fruit, grain, vine, etc. Bulbs suited to public parks and gardens, 


ANIMAL STUDIES 

Starfish. Have living forms in a temporary salt-water aquarium and 
observe their habits and movements. Study principal characteristics; use 
and disadvantage. 


NATURE GEOGRAPHY 
Rain and what becomes of it; its relation to soil conditions. Learn 
Hyades, Cassiopeia, and evening star. 


WINTER 


Brrps 

Note other insect enemies which take the place of those gone for the 
winter. Learn the red-breasted nut hatch and golden-crowned knight. Re- 
view those already learned. Of what does their food consist principally? 
Watch for the more unusual winter birds; e. g., cross bills, pine grosbeaks, 
snow bunting and horned larks. Game laws of the state. 


INSECTS 
Detailed study of gipsy and brown-tailed moths. Collect brown-tail nests. 
Calosoma sycophanta. Silk worm and the silk industry. 


TREE STUDY 
Uses of trees. Particular kinds used for particular purposes. 


PLANT LIFE IN GENERAL 
Care of plants transplanted in autumn or started from cuttings. Note 
plants still bearing seeds above the snow, and shrubs or trees still retaining 
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their fruits. Look for seeds blown over the surface of the snow: their value 
to birds. 


ANIMAL STUDIES 
Animals used as beasts of burden. 


NATURE GEOGRAPHY 
Ores: examine and compare common kinds, such as iron, copper, lead, 
silver, gold. How mined; uses. 


PHYSICAL SCIENCE 
Conduction of heat: use of holders, knobs, handles, etc. Study of 
gravity. 
SPRING 


FLOWERS 

Continue study of flower families. Special study of pistillate and stami- 
nate flowers. Study wind pollination and compare with pollination by 
insects (in Grade V). 


Brrps 

Identify as many as possible and pay special attention to fitness of beaks, 
wings, feet and legs for their particular mode of life, feeding habits, and 
methods of defense. Try to find more insect eaters, such as pine warbler 
and black-throated green warbler. 


INSECTS 

Continue the work of the autumn with enemies of the garden. Spraying 
of gardens and orchards. Parasitic insects: ichneumons, plant lice, scale 
insects. Show structural relation between stages of a metamorphosis; e. g., 
mourning cloak butterfly, celery worm, etc. Distinguish caterpillars from 
true worms. 


TREE STUDY 
Grafting. Transplanting. Spraying. 


PLANT LIFE IN GENERAL 

How plants propagate. Movement in plants: in response to light, water, 
and gravity: climbing and sleep movements. In June exhibition of plants 
raised from autumn cuttings. 


GARDEN WorK 
Soil. Fertilizers. Special study of vine crops. Encourage home gardens. 
Plant parsnips in school garden. Annuals for the flower garden. 


ANIMAL STUDIES 
Frog. Collect eggs of both frog and toad and watch development. Study 
the frog carefully and compare with toad. Salamander. 
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PHYSICAL SCIENCE 
Rusting: protection of garden tools, etc. 


GRADE VII 
AUTUMN 


Breps 
Study American sparrow hawk, screech owl, and red-shouldered hawk, 
Migration. Classes of residents, 


INSECTS 

Insects of the ovehand and those found on small fruit. The grape leaf 
hopper, “grape worm,” currant worm, canker worm, plum curculio, peach 
tree borer, apple tree tent caterpillar, yellow-necked apple worm and hickory 
tiger will be most likely to be found, but any which may be brought in 
should be used. Buffalo moth. Clothes moth. 


Tree Stupy 
Fruit trees of New England. Pruning. 


PLANT LIFE IN GENERAL 

Preserving fruits and vegetables; canning, drying, salting, pickling. 
Bacteria in relation to preserving and care of home. Effect of soil and 
climatic conditions on plant life. Plant societies. Mushrooms. 


GARDEN WoRK 

Special study of dwarf fruit trees. Rotation of crops. Culture of crops 
not previously given special attention; e.g., beets, turnips, cabbage. Con- 
struction of hot bed and cold frame. Harvest part of the parsnip crop. 


ANIMAL STUDIES 

Earth worm: from point of view of relation to soil and value to man, 
Intelligence in animals, 

Means of communication in animals, 


NATURE GEOGRAPHY 
The planets. (Continue the study through the year utilizing most favor- 
able times). 


WINTER 


Birps 

Study red-tailed hawk and Northern shrike. 

Value of birds of prey; their possible injury to other birds and man, 
Cats in relation to birds, 


INSECTS 
Insects found in stored grain and seeds—bean weevil, flea weevil, flour 
beetles, meal moths. 
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TREE STUDY 
» Tree Surgery. 

Yeast and mould. (Enough work with the microscope to make these 
forms interesting.) Ground pine. 


NATURE GEOGRAPHY 
Common minerals and rocks; quartz, mica, feldspar, granite, gneiss. 
Building stones—quarrying—sand stone, slate, marble, granite. 


SPRING 


Birps 
Begin to study songs closely. The relation of the English sparrow and 
starlings to the bird population in general. 


INSECTS 
Insects injurious to shade trees—Elm leaf beetle, Tussock moth, Leopard 
moth, Green striped maple worm, Fall webworm, etc. Household pests. 


TREE STUDY 

Trees for shade and ornaments—kinds used and why, those adapted for 
different locations, enemies, native home, care. City’s means of caring for 
trees: tree warden, etc.: responsibility of the individual. 

Ferns. Plant breeding, and the work of Burbank and de Vries. 


PLANTS IN GENERAL 

Plant a community garden for commercial purposes. If an early season, 
early peas may do, otherwise potatoes. Sow cabbage, tomatoes and lettuce 
in hot bed and care for till ready for home garden. Raise radishes in cold 
frame. Harvest parsnips sown last year. Perennials for the flower garden. 


ANIMAL STUDY 
Turtles. 


GRADE VIII 
AUTUMN 


- ras} 


Birps if 

Begin study of migrants and make this the special work of the year. 
Learn ruby-crowned kinglet, myrtle warbler, fox sparrow, magnolia 
warbler, black-poll warbler and any others possible. Take field trips. Teach 
use of note books and books of reference. 


INSECTS 
Insects of the forest: Borers, Forest tent caterpillars, Pine tree weevil, 
Bark beetles, Saw flies. 


TREE STUDY 
Identification of shrubs by leaf and fruit. . 
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PLANTS IN GENERAL 


Mosses and.lichens... Wheat as_an industrial plant, oo. 


GARDEN /WorRK 


Harvest! crop planted last spring, if potatoes or any late crop. Ornamental 
shrubs. | 


ANIMAL, STUDIES } 
Social life of animals. 


‘WINTER 
l 
Brirps 


Establish feeding stations in woods for partridge, quail, etc. Encourage 
individuals to make a bird census. Structure of bird in general. Study 
feathers. What birds have become extinct?) Why? 


INSECTS 
Insects injurious to stored lumber. 


TREE STUDY 

What constitutes a forest—forest areas of United States. Coniferous and 
hardwood forests—trees found in Salem woodlands—modern methods of 
lumbering—State and Federal reservations—reforestation—tree planting 
on sandy areas such as Cape Cod. 


PLANTS IN GENERAL 
Bacteria in relation to dairying, water supply, medicine and surgery. 


NATURE GEOGRAPHY 
Formation of soils. 


SPRING 
Birps 
Continue study of migrants. Encourage planting of shrubs and trees to 
supply food; also preservation of natural tangles and nesting places. “et 
some idea of grouping into families. Bird sanctuaries. 


INSECTS 
Distinguish between parasitic and predatory insects and study such forms 
as the San Jose scale and any of the ground beetles. 


TREE STUDY 
Identification of shrubs by leaf and blossoms. Remember the location of 
as many as possible in order to get flowers of same species in the spring: 


PLANTS IN GENERAL 
Horsetails. Struggle for existence and survival of the fittest. 


GARDEN WORK 
Care of a lawn. Vines for home gardens and public places. 









Safety First 
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A Point Worth REMEMBERING.—Always carry an umbrella, 
parasol, or cane with the ferrule pointing down low enough to 
prevent injuries to other pedestrians. The hazard presented by 
carrying an umbrella as shown was sharply brought to mind 
recently by an accident in a railroad station. Being careful first 
prevents injuries and makes awkward apologies unnecessary.— | 
Safety News. I 
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The Death Knell of 
the Hot File 


as an instrument for cutting glass was sounded when 
Lt. K. H. Parker, formerly of William Jewell College, 
designed the 


PARKER GLASS CUTTER 
ae ae 


No. 7144 $1.50 








Attach by means of rubber tubing to your gas supply, 
adjust flow until flame strikes back, and when suffi- 
ciently hot, use cutter to lead crack in glass in any 
direction. 





AN UNSOLICITED TESTIMONIAL 


“ During the past five or six years I have placed our 
orders with other houses and have found them to be 
slow in making deliveries, and the high class apparatus 
all bore the Central Scientific Mark.” 


Compare this experience with your 
own and buy for quality and service 


CENTRAL SCIENTIFIC COMPANY 


460 EAST OHIO STREET 
CHICAGO (Lake Shore Drive, Ohio and Ontario Streets) U. S, A. 
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Science Articles in Current Periodicals 


AERONAUTICS 
The Skyliner Is Here. L. M. Roberts. Ill. World. 31:10-15. Mar. 
1919. 
The Sané Side of Fancy Flying. Cur. Opin. 66:33. Jan. 1919. 
Plans for Transatlantic. Air-Liner. (Ill.). Cur. Opin. 66:128. Feb. 
1919. 
Airship SS Airplane. (Ill.). Ladislas d’Orey. Sci. Am. 120: 
98. Feb. 1, 1919. 
The Final Solution of the Airship Problem, (Helium). Ladislas 
d’Orey. Sci. Am. 120:73. Jan. 25, 1919. 
Our Aerial Sausages. C. H. Claudy. Sci. Am. 119:408-9. Nov. 23, 
1918. 
The Liberty Motor. Sci. Am. 119:455. Dec. 7, 1918. 
The Aircraft Situation. Sci. Am. 119:492.. Dec. 21, 1918. 
Our Giant Aircraft. Sci. Am. 120:7. Jan. 4, 1919. 
Aviation and the War. C: F. Lee. Sci, Am. Sup. 86:389. Dec. 21, 
1919. 
Aeroplane Accidents. H. G. Anderson. Sci. Am. Sup. 87 :30-31. Jan. 
11, 1919, 
Langley; Pioneer in Practical. Aviation. Jo. Franklin Institute. 
‘187 : 749-63, Jan. 1919. 
Taking Photographs from Airplanes and Balloons. J. A. Lefranc. 
Sci. Am. Sup. 87:60-63. Jan. 25, 1919. 
AGRICULTURE 
What War Has Done for English Agriculture. (Ill.). F. F. Rock- 
well. Country Life. 35:4:58-9. Feb. 1919. 
Pruning for Profit. (Ill.). Will C. Barnes. Am. For. 25 :798-800. 
Jan. 1919. 
Mechanical Equipment of the Farm. Sci. Am. 120:30. Jan. 11, 
1919, ; 
Relation of Weather to Agriculture. Sci. Am. Sup. 86:354. Dec. 
7, 1918. 
The Theory of Fertilizers. Sci. Am. Sup. 87:26. Jan. 11, 1919. 
The Palate of Civilized Man and Its Influence on Agriculture. 
(il1.). David Fairchild. Sci. Am. Sup. 87:68. Feb. 1, 1919. 
ALCOHOL 
The Pharmacology of Alcohol. Robert B. Wild. .Sci. Am. Sup. 87: 
22-3. Jan. 11, 1919 
ARTIFICIAL LIMBS 
Wooden. Artificial Limbs (Tll.). Hu Maxwell. Am: For. 25.:807- 
816. Jan. 1919. 
ASTRONOMY 
How a Wandering Star Originated Our Solar System. Cur. Opin. 
66:36. Jan. 1919. 
The Physical Constitution of the Sun. Sci. Am. Sup. 86:402-3. 
Dec. 28, 1918. 
BASEBALL 
The Pitched Baseball. W. W. Griffin. Sci. Am. Sup. 87:12-14. Jan. 
4, 1919. 


’ 


BATTLES HIPS 
Battle Strength of the Five Leading Naval Powers. Sci. Am. 120: 
52-53. Jan. 18, 1919. 
The Surrender of the German Fleet. (Tll.). Sci. Am. 119 :458-9. Dec. 
7, 1918. 
Return of the American Fleet. (Tll.). Sci. Am. 120:32-3. Jan. 11, 
1919 
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For Regular and Junior High Schools 


General Science 
IS NOTEWORTHY FOR 


Its systematic and impartial treatment of the various sciences as 
parts of a composite whole. 


Its application of each topic to the everyday life of the pupil. 


Its emphasis upon independent scientific thinking, rather than 
upon memory work. 


Its clear and simple style, easily performed experiments, and 
helpful, practical exercises. 


General Science supplies a valuable foundation for more advanced 
study of science, while providing the student who takes no other 
science work, or who leaves school early, with a practical working 
knowledge of the world about him. 454 Pages. Nearly goo [ilustrations. 


SILVER, BURDETT & COMPANY 


Boston New York Chicago San Francisco 

















A NEW GAS ENGINE MODEL 
| (FIFTEEN INCHES HIGH) 


No gas engine is more extensively employed‘at 
the present time than the vertical four-cycle type. 
It is the heart of the automobile, motor truck, 
tractor, aeroplane and motor boat. In view of 
these facts the Milvay Gas Engine Model will 
prove exceptionally valuable to science instruc- 
tors, as with it the principles of operation of this 
most popular type can jbe clearly:and effectively 
illustrated. It will clearly show the intakestroke, 
compression stroke, “explosion stroke and ex- 
haust stroke. It will illustrate valve action, cam 
action, and timing-gear action. It will illustrate 
the principles of the ignition system. It also 
shows the following parts in their true relation- 
ship: Cylinder, piston, crank shaft, valves, gas 
intake port, exhaust port, water jacket, water in- 
let, water outlet, timing gears, valve-lifting cams 
and fiv-wheel. The spark plug is represented by 
asmall incandescent bulb which flashes at the 
beginning of each explosion stroke, thus produc- 
ing a most realistic effect. The Milvay is made 
entirely of metal and handsomely finished. 


==> 


| 

| 
| 
14 


Price without dry cell, . ° $18.75 


Chicago Apparatus Company 
; MANUFACTURERS 
I Fe Physical, Chemical, Agricultural, 
omen Biological Apparatus 

32-40 South Cliaton St. CHICAGO, LL. 





No. 1768 
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Bigps 


Christmas With the Birds. (Ill.). A. A. Allen. Am. For, 24:743- 
747. Dec. 1918. 
The Sandpipers. (Ill). A. A. Allen. Am. For, 25:793-7. Jan, 1919. 
CHEMISTRY 
Definition of Valency. F. H. Loring. Sci. Am. Sup. 86:390. Dec. 
21, 1918. 
Economic Botany and Chemical Industry, Edward Wheeler. Sci. 
Am. Sup. 87:63-4. Jan. 25, 1919. 
DAYLIGHT SAVING 
The Timely Adjustment. Sci. Am. 119:522. Dec. 28, 1918. 
Does 
The Dog of the Alpine Monks. (Ill.). Walter A. Dyer. Country 
Life. 35:2:57-60. Dec. 1918. 
Dust 
To Take the Dust from Industry. Lit. Dig. 60:2 :22. Jan. 11, 1919. 
EARTH 
Constitution of the Earth’s Interior. Sci. Am. Sup. 87:73. Feb. 
1, 1919. 
Age of the Earth. Harlow Shapley. Sci. Am. Sup. 87 :34-5. Jan, 18, 
1919. 
ELECTRICITY 
Success of the Electric Battleship. Lit. Dig. 60:7:23. Feb. 15, 
1919. 


Electric Welding of Shipbuilding. Sci. Am. 87:79. Feb. 1, 1919. 
EXPLOSION 


The Danger of Explosion. W. Payman, Sci. Am. Sup. 87:7. Jan. 4, 


1919. 
Foops 
Some Fallacious Substitutes for Eggs. Lit. Dig. 60:6:27. Feb. 8, 
1919. 


Bread That Agrees With People. Cur. Opin. 66:102. Feb. 1919. 
GuNs 
Facts About the Trench Shotgun. Lit. Dig. 60:3:21. Jan. 18, 
1919. 
GARDENS 
Planning for Your Hot Bed. (Tll.). T. Sheward. Gar. Mag. 28 :162. 
Jan. 1919. 
Preparedness with Hot Beds. (Ill.). E. L. Kirkpatrick. Gar. Mag. 
29:25. Feb. 1919. 
Garden Plan on a Unit Basis. F. F. Rockwell. Gar. Mag. 28 :172- 
4. Jan, 1919, 
Planting by the Weather. (Ill.). Bristow Adams. Gar. Mag. 29: 
20. Feb. 1919. 
Gardening Unashamed. (Ill.). Frances Duncan. Gar. Mag. 29: 
22. Feb. 1919. 
Selection Draft Idea in the Vegetable Garden. S. F. Hamblin. 
Gar. Mag. 29:27. Feb. 1919. 
Can I Use a Tractor? Frank E. Goodwin. Gar. Mag. 29:29. Feb. 
1919. ; 
HEALTH 
Are You Mobilized to Fight Germs? M. D. Moledezky. (Ill.). World. 
31 :22-26. Mar. 1919. 
Income and Infant Mortality. Lit. Dig. 60:7:24. Feb. 15, 1919. 
Relation of Light to Health. Charles E. de M. Sajous. Sci. Am, 
Sup. 87:4. Jan. 4, 1919. 
IcEBOATS 
Iceboat and Scooters (2 pages of pictures). Country Life. 35: 
4:50-51. Feb. 1919. 
































“One of the Great American Novels” 





Every forward looking American educator will profit by 
a reading of 


IN THE HEART OF A FOOL 


WILLIAM ALLEN WHITE’s New NOVEL 





“ Here is America, marching over its blunders to a more 
humane and righteous standard of living. The big forces 
behind this story come over the reader like the heartbeat of 
the nation.— WV. Y. £. Post. 


“The Secret of the Next Fifty Years” 


The deeds and dreams of America today, as they are 
vividly pictured in Mr. White’s remarkable novel, re- 
veal the trend and the goal of the new generation. 


IN THE HEART OF A FOOL 


“ Will profoundly affect the thoughts and the feelings of 
the many who will read it.”"—. Y. Sun. 


«An absorbing book, filled with love, adventure, pathos, 
humor and drama.”—Chicago E. Post. 





Already Third Edition. At bookstores or by mail. 1.60 





THE MACMILLAN COMPANY 
Publishers NEW YORK 
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INFLUENZA 
Sure Cures for Influenza. Sci. Am. 119:425. Nov. 23, 1918. 
The Influenza Mystery Deepens. Sci. Am. 120:92. Feb. 1, 1919. 
Will the Influenza Come Back? Lit. Dig. 60:2 :23. Jan. 11, 1919. 
The Toll of War Pestilence. Lit. Dig. 60:7:16. Feb. 15, 1919. 
War Reports from the Influenza Front. Lit. Dig. 60:8:62. Feb. 
22, 1919. 
INDUSTRY : 
Why Centers of Industry? Lit. Dig. 60:4:21. Jan. 25, 1919. 
INSECTS 
Insects Which Attract Public Attention. (Ill.). H. B. Weiss. Sci. 
Mo. 8:179-186. Feb. 1919. 
JOLLY, JOHN 
Surprising Obscurity of Gifted Physicist. Cur. Opin. 66:88. Jan. 
1919. 
LANGLEY 
Samuel Pierpont Langley; Pioneer in Practical Aviation. Harry 
Leffmann. Jo. Franklin Inst. 187 :49-63. Jan. 1919. 
MARINES 
The United States Marines. (Ill.). Country Life. 35 :2:25-34. Dec. 
1918. 
MATCHES 
How Matches Are Made. (Ill.). Sci. Sup. 87:56. Jan. 25, 1919. 
MAGNETS 
Magnetic Pulleys. Sci. Am. 120:59. Jan. 18, 1919. 
MEDALS 
War Medals of the United States. Shown in color. Country Life. 
35:2:48. Dec. 1918. 
Moon 
The Moon Story. Ethel H. Hausman. 
Nature Study Review. 14:359-364. Dec. 1918. 
The Moon; A physical Geography Lesson. Lena §S. Thomas. 
Nature Study Review. 14:365-370. Dec. 1918. 
MaGic SQUARES 
The 34 Super Magic Square. F. J. Anderson. Sci. Am. Sup. 87 :44- 
5. Jan, 18, 1919. 
PROJECTILES 
Curious Projectiles. Sci. Sup. 87:28-29. Jan. 11, 1919. 
PANORAMA 
A Combined Map and Panorama for Orientation from a Look-out 
Station. (Ill.). Emanuel Fritz. Geog. Rev. 6:501-3. Dec. 
1918. 
PHOTOGRAPHY 
Modern Application of Photography. (Ill.). Alfred B. Hitchins. 
Jo. Franklin Inst, 187:129-146. Feb. 1919. 
SCIENCE 
Science and the After-War Period. George K. Burgess. Sci. 
Monthly. 8:97-108. Feb. 1919. 
The Next Step in Science. George T. W. Patrick. Sci. Monthly. 
8:118-128. Feb. 1919. 
Science, Theoretical and Practical. Lit. Dig. 60:7:26. Feb. 15, 


1919. 
SHIPs 
Sinking an “Unsinkable.” Lit. Dig. 60:3:23. Jan. 18, 1919. 
SHOES 


Plea for a New Kind of Shoe. Cur. Opin. 66:32. Jan. 1919. 
Fitting the Shoe to the Soldier. Sci. Am. 120:56. Jan. 18, 1919. 


TELEPHONE 
Five Talks Over One Wire. Lit. Dig. 60:3:22. Jan. 18, 1919. 
































Magazine List 


American Forestry. Washington, D. C. Monthly, 25¢ a copy, $3.00 a 
year. Splendid pictures for plant and tree study. 

Commercial America, Phila. Com’] Museum, Phila., Pa., $2.00 a year. 
Ill. Commercial production. New Inventions. Will interest 
Commercial geography and science teachers. 

Current Opinion. 65 W. 36 St., N. Y. Monthly, 25c a copy, $4.00 a 
year. Has a regular department “Science and Discovery” con- 
taining articles of popular interest, adapted to pupil or teacher’s 
use. 

Country Life, The New. Garden City, N. Y. monthly. 50c a copy, 
$5.00 a year. Stands at the head of publications dealing with 
life in the country. Special interest to the general reader and 
has many articles on gardening and plant study valuable for 
school use. 

Electrical Experimenter. 233 Fulton St., N. Y. Monthly. 15¢ a copy. 
$1.50 a year. Ill. Popular articles on electrical subjects which 
fascinate elementary and high school pupils. Many suggestions 
for teachers. 

Everyday Engineering Magazine. 33 W. 42 St., N. Y. Monthly. 10c a 
copy, $1.00 a year. Ill. Popular articles on science and mechan- 
ics. Much of it is simple enough for elementary pupils. 

Garden Magazine. Garden City, N. Y. Monthly. 25c a copy, $2.00 a 
year. Ill. Helpful to amateur gardeners, teachers and pupils. 
General Science Quarterly. Salem, Mass. Quarterly. 35¢ a copy. $1.25 
a year. The only journal published devoted alone to science in 
the elementary and secondary schools. It tells what schools are 
doing in science, gives lesson plans, demonstrations, and an 
extensive bibliography of usable science articles in current 

periodicals. 

Geographical Review, The. Broadway at 156th St., N. Y. 50c a copy, 
$5.00 a year. Devoted to scientific geography. Original maps and 
pictures. One department contains condensed items on topics of 
current interest. 

The Guide to Nature. Sound Beach, Conn. Monthly. 10c a copy, 
$1.00 a year. Ill. Of interest to elementary pupils and teachers 
of nature study. 

Illustrated World. Drexel Ave. and 58th St., Chicago. Monthly. 15c 
@ copy, $2.00 a year. Many short articles on applications of 
science and mechanics. Popular in style and attractive to ele- 
mentary and high school pupils. 

Journal of the Franklin Institute. Philadelphia, Pa. Monthly. 50c 
a copy, $5.00 a year. Ill. A technical journal. Contains many 
articles of value to science teachers. 

Journal of Home Economics. 1121 Cathedral St., Baltimore. Monthly. 
25c a copy, $2.00 a year. For teachers. 

The Literary Digest. 354 Fourth Ave., N. Y. Weekly. 10c a copy, 
$4.00 a year. Has a department “Science and Invention”. Articles 
are mostly digests from other journals, They are popular in 
nature and suitable for high school pupils. 

Journal of Industrial and Engineering Chemistry. Box 505, Wash- 
ington, D. C. 60c a copy, $6.00 a year. A technical journal 
which contains much material which teachers can use. Monthly. 
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National Geographic Magazine. Washington, D. C. Monthly. 25¢ a 
copy, $2.50 a year. Best monthly journal for high grade pictures. 
Articles are of interest to general reader, pupils and teachers, as 
well as to geographers. 

Nature Study Review. Ithaca, N. Y. Monthly. 15c¢ a copy, $1.00 a 
year. An illustrated journal for teachers of nature study. 


Popular Mechanics Magazine. Chicago. Monthly. 15¢ a copy, $1.50 
a year. Short science items and articles well illustrated. Ap- 
peals strongly to elementary pupils. Suggests many construction 
projects. 

Popular Science Monthly. 239 Fourth Ave., N. Y. Monthly. 15¢ a 
copy, $1.50 a year. Short science items and articles well illus- 
trated. Appeals strongly tc elementary pupils. Suggests construc- 
tion projects. 

School Science and Mathematics. Chicago. Monthly. $2.50 a year. 
A teacher’s journal. Includes many helpful suggestions. 


Scientific American. Woolworth Building, N. Y. Weekly. 10c a copy, 
$4.00 a year. Has longer articles than the other popular science 
journals. Illustrated and is particularly valuable to high school 
science pupils and teachers. 

Scientific American Supplement. Woolworth Building, N. Y. Weekly. 
10c a copy, $5.00 a year. Rather technical, but the majority of 
articles are usable by science teachers and some of them will do 
for pupil reference. Illustrated. 

Scientific Monthly. Garrison, N. Y. 30c a copy, $3.00 a year. Articles 
as a rule are more along lines of pure science. Much of value to 
teachers, articles can be read to advantage by many pupils. 

Transactions of the Illuminating Engineering Society. 29 W. 39th St., 
N. Y. Monthly. 75¢ a copy, $5.00 a year. Technical. Many 
articles contain material which can be used in high school classes, 











TEACHERS, PRINCIPALS, SUPERINTENDENTS 


WE CAN PLACE YOU IN BETTER POSITIONS 
Write now for ‘‘ The Road to Good Positions’’ and enrollment card 


THE ROCKY MOUNTAIN TEACHERS AGENCY 


WM. RUFFER, A. M., Manager, 326 Empire Building Denver, Colorado 
Branch Office: Portland, Oregon, Frank K. Welles, Manager 


The Educational Clearing House of the West 

















JUNIOR HIGH SCHOOL SCIENCE 


General Science in Junior High School at Rochester, N. Y. November, 1916, 
and November, 1917. 

An Experiment in Eighth Grade Science. January, 1917. 

General Science in Amherst Junior High School. January, 1918. 

General Science in the Junior High School. March, 1918. 

Science Work inthe Speyer School. May, 1918. 


3Sc a copy. Address, GENERAL SCIENCE QUARTERLY. Salem, Mass. 























